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Co-grazing is a common practice under many range conditions. The main advantage of 
co-grazing is to fully utilize the vegetation sources by taking advantage of the different 
preferences among animals towards plant species and parts. Hence, this study aimed 
to establish if co-grazing camels with cattle would lead to changes in the biochemical 
characteristics in the rumen contents of cattle, and result in different fermentation end 
products. Rumen contents were collected from two groups of animals at two different 
locations, the Runnymede Cattle Station at Richmond in northern Queensland, and the 
Meramist abattoir at Caboolture in Queensland. For the Richmond site, two groups of 
animals were sampled via stomach tube; cattle co-grazed with camels (n=6) and cattle 
grazed alone (n=6). For the Caboolture site, foregut contents from three groups of 
animals were sampled post mortem; camels co-grazed with cattle (n=6), cattle co-
grazed with camels (n=6), and camels grazed alone (n=6). The ratios of camel to cattle 
for the Richmond and the Caboolture sites were 1:49 and 1:14 respectively. These 
ratios were considered adequate for microbial transfer to occur. 
 
Foregut fluid samples from all animals were used to inoculate a pre-reduced medium 
containing Mitchell grass (Astrebla lappacea), Flinders grass (Iseilema spp.), or Lucerne 
hay (Medicago sativa). Measurements of gas production, volatile fatty acids, and dry 
matter digestibility were carried out following 48 or 96 h of in vitro incubation at 39 °C.  
 
Inocula from cattle co-grazed with camels from Richmond resulted in greater (P< 0.05) 
dry matter digestibility for Mitchell grass than cattle grazed alone and produced greater 
(P< 0.05) amounts of n-butyrate. On the other hand, inocula of camels co-grazed with 
cattle from Caboolture had higher in vitro dry matter digestibility for Mitchell grass and 
shared the potential for higher dry matter digestibility with cattle co-grazed with camels 
for lucerne hay. Camels co-grazed with cattle also produced more (P<0.05) n-Butyric 
acid in the Mitchell grass treatment compared to groups of camels grazed alone and 
cattle co-grazed with camels. The results from the biochemical analysis suggested that 
co-grazing may change the ecosystem of the foregut in a number of beneficial ways. 
  
 
A microbiological analysis was carried out to investigate the structure of the bacterial 
community in each group of animals with high throughput sequencing of 16s rRNA gene 
using 454 pyrosequencing technology. Using an open source software computational 
program provided by Quantitative Insights into Microbial Ecology (QIIME), not only was 
it possible to identify all microbial species within the foregut fluid samples but also it was 
possible for all data to be analysed and compared systematically.  
 
Further analyses to identify the different operational taxonomic units (OTUs) with a 
similarity threshold of 97% allowed the assessment of observed species (OTUs); 
species richness (Chao1); and phylogenetic diversity (PD) whole tree metric for each 
foregut fluid sample. These analyses were sensitive enough to reveal both species 
abundance and species taxonomic or phylogenetic distances. Moreover, bacterial 
differences were also revealed at the phyla, family, and OTU levels. 
 
A distinct pattern of the percentage of bacterial distribution evaluated at family 
taxonomical level was observed among the animal groups. In cattle co-grazed with 
camels from Richmond, Bacteroidales were the most abundant bacteria found (36%) 
while in cattle grazed alone Bacteroidales made up only 28%of the bacterial population. 
However, cattle grazed alone from Richmond had a higher percentage of 
Lachnospiraceae (19%) compared to cattle co-grazed with camels with only a 10% 
Lachnospiraceae population. 
 
At the Caboolture site, camels grazed alone had the lowest Bacteroidales (20%) whilst 
the highest population was found in cattle co-grazed with camels (38%).  In the group of 
camels co-grazed with cattle this group of bacteria accounted for 33%, which was lower 
than cattle co-grazed with camels. Prevotellaceae was highest in camels grazed alone 
(34%) and lower for camels co-grazed with cattle (26%). The lowest Prevotellaceae 
percentage was found in cattle co-grazed with camels at only 8%.  
 
  
The principal coordinate analysis (PCoA) was also used to evaluate the samples. PCoA 
was performed by using the phylogenetic composition-base to plot each sample into 
one or more clusters so that a distance matrix measurement of variation could be 
constructed to reflect the corresponding dissimilarities of sample community 
membership or community structure. A clear clustering of all samples within its group 
was observed in PCoA analysis, which revealed a clear difference between groups of 
animals for both samples from the Richmond and the Caboolture sites.  
  
These findings support the hypothesis that the GI tract is an interchange platform where 
adaptable microbial groups undergo a state of continuous replacement by functional 
bacterial species associated with changes in the environment. There is, however the 
possibility of indirect environmental contamination which might also be a factor 
influencing the occurrence of bacterial OTUs in multiple host species. Thus, additional 
research  is  needed  to  expand  the  investigations into  all  factors  that  are  involved  
in   the transformation that takes place in the foregut environment. 
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It has been reported by the ‘Rural Industries Research and Development Corporation’ 
(RIRDC, 2001) that the total livestock meat production per km2 of paddock increased by 
10% when cattle and camels were grazed together, without any negative impact on the 
vegetation or cattle performance. The same report mentions that the condition of cattle 
co-grazed with camels during drought improved and suggested that microbial trans-
inoculation from camels to cattle through a shared water source might have contributed 
to this. However, there has been real evidence or research, thus accurate justification 
via microbiological and biochemical analyses is needed to validate this statement. 
 
This project was designed to investigate whether the transfer of bacteria between two 
species could occur when co-grazed together, and if co-grazing cattle with camels could 
improve digestion in cattle that grazed a Mitchell grass dominated tropical pasture. 
 
The laboratory investigations were carried out at The University of Queensland, Gatton 
Campus and the rumen contents from cattle that are co-grazed with camels or grazed 
alone were sourced from cattle kept at the Runneymede Cattle Station in Richmond 
Shire in northern Queensland. A second set of samples were collected from the 
Meramist abattoir in Caboolture, Queensland in October 2011. The collection of rumen 
fluid samples from cattle and foregut fluid contents from camels was carried out in 
December 2009. Pasture samples, predominantly Mitchell and Flinders grass, and 
vegetation that the camels fed on was also collected.  
 
The first series of tests which were carried out studied the biochemical characteristics of 
rumen fluid collected from cattle co-grazed with camels and cattle grazed alone. This 
was followed by a microbiological investigation in an attempt to explain the differences 
in the biochemical characteristics that were observed in cattle for the first series of tests. 
Next, more sampling and a series of in vitro tests were conducted to provide evidence 
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of bacterial transfer during co-grazing. It was expected that natural microbial transfer 
between the two species occurred due to shared water and feed resources.  Another 
expectation was that foregut microbes from camels could become the a valuable dietary 
supplement as the microbiological and the biochemical analyses provided an innovative 
platform for the initiation of probiotics supplements that could improve feed digestion 
among cattle.  
 
This research took advantage of an existing, yet redundant, resource available as there 
are approximately 500,000 feral camels in Australia. The population of feral camels in 
Australia was recently revised to 300,000 after the removal of more than 160,000 
camels during the past three years (McGregor et al. 2013). The expectation of the 
discovery of an untapped potential from co-grazing cattle and camels would not just 
lead to better managmement techniques which would maximise livestock production, 
but also uncover new ways of exploration within modern agriculture which could lead to 

















2.1 Literature review 
 
The topics reviewed were selected to provide sufficient background to establish the 
priority of the problems and to enable critical evaluation of the experimental findings 
reported in this thesis.  
 
2.2 The Ruminants and their Nutrition 
 
Ruminants are cloven-hoofed mammals that belong to the sub-order Ruminantia of the 
order Artiodactyla (ungulates). The family Bovidae with numerous genera offers great 
diversity and includes cattle, sheep, goats, African antelope, and buffalo (Van Soest 
1994). Their nutritional requirements and their ability to adapt towards available feed 
resources have played a pivotal role in the evolution of the existing ruminants (Van 
Soest 1994).   
 
Ruminants play an integral socio-economic role in agriculture especially, in developing 
nations, by providing essential resources such as: meat and milk; draught animals; 
supply of manure for harvesting and energy; source of cash income through sales of 
their products; and as a financial guarantee against economic risks and harsh 
environments (Orskov & Viglizzo 1994). In addition, burgeoning populations in 
developing nations and a shortage of land for the expansion of crops and food 
cultivation has resulted in the need for stronger efforts by the agricultural sector to 
satisfy the growing demand for food. Thus, in order to increase ruminant production 
systems, there is a need to introduce high yielding ruminant breeds and to ensure better 
quality feedstuff are available for them.  In many parts of the world, such as sub-
Saharan Africa, the quantity and the quality of feed resources is a major obstacle for the 
production of ruminants (Osuji et al. 1995). 
 
The digestive system of ruminants is uniquely optimized to utilise the products formed 
as a result of gut microflora fermentation. This adaptive feature gives ruminants the 
capability to utilise food resources that are of little value to other animals. In addition, 
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this digestive competency supplies ruminants with internal sources of B-vitamins and 
amino acids so that they do not have to rely on external sources from their diet 
(McDonald et al. 2011). Overall, microbial digestive processes provide end products to 
the host ruminants due to their presence in the rumen. The supply of nutrients to the 
ruminant animal is not solely what it eats, but, more significantly the combination of the 
microbial fermentation products (i.e. fermentation end-products and microbial biomass) 
along with unfermented feed that escapes from the rumen. Changes in the ingested 
feed are comprised of partial conversion of nitrogenous compounds into microbial 
protein and conversion of carbohydrates into volatile fatty acids (VFAs) (Houtert 1993). 
VFAs serve as energy sources, while microbial protein provides amino acids for the 
host ruminant animal. 
 
In the rumen, the microbial digestive processes and the synthesis of microbial 
components depend on the physiological conditions of the compartmental stomach 
provided by the host animal. These may include: the retention time of digesta and 
microbes in the rumen; keeping temperature constant (39 oC); anaerobiosis; neutral to 
somewhat acidic pH (5.5-7.0); and the process of removing the fermentation end 
products including VFAs, NH3, H, and CO2 (Stevens et al. 1980). More often, several 
factors control the environment of the rumen such as: the type and quantity of food 
consumed; mixing of digesta via ruminal contractions; saliva secreted whilst eating and 
ruminating; diffusion/secretion of urea and bicarbonate into the rumen; absorption rate 
of end products (mainly VFA and NH3); and passage rate of undigested residues, 
together with microbial cells carried out of the rumen (Leng 1973).    
 
Microbes present in the rumen have become highly adapted to ferment a variety of 
carbohydrates, including starches, sugars, and more complex polysaccharides of the 
plant cell wall such as pectin, hemicelluloses, and cellulose. The three major end 
products of fermentation processes in the rumen are VFAs (acetic, butyric, and 
propionic), methane, and carbon dioxide (Van Soest 1994). Ruminal microbes also 
degrade and ferment a significant portion of dietary protein, which results in the 
production of additional volatile fatty acids, smaller concentrations of branched chain 
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fatty acids (isovalerate, isobutyrate and 2-methylbutyrate), and NH3. The produced 
VFAs are absorbed from the rumen and contribute up to approximately 80% of the total 
energy requirements of the host animal (Merchen & Bourquin 1994). Furthermore, 
approximately 75% of the energy in the fermented substrate (carbohydrate) is 
recovered as VFAs that the host can utilise (Ulyatt et al. 1975). 
 
The site of digestion also plays an important role in determining the nature of the 
digestive end products and the level of nutrient losses that occur during the overall 
digestion process (McDonald et al. 1995). For digestion that takes place in ruminants, 
fermentation does not come without a price, as significant energy loss occurs as a result 
of methane and heat production during the microbial metabolism of carbohydrate to 
produce volatile fatty acids. This loss is larger when high forage diets are consumed 
(Merchen & Bourquin 1994).  
 
In forage fed ruminants structural plant materials that escape rumen fermentation, 
undigested components of bacterial cells and endogenous N are the major constituents 
of digesta that enter the hindgut. These compounds show higher resistance to 
mammalian enzymes and much of it is excreted unless fermented in the large intestine. 
However, the susceptibility of the remaining plant cell wall to microbial attack and 
digestion may be enhanced by their exposure to abomasal and intestinal conditions, 
and by reducing particle size. It should be noted that chewing has the greatest effect on 
reduction of particle size in comparison to microbial digestion. Microbial activity strictly 
mediates the digestive process in the hindgut, whereas no digestive enzymes seem to 
be associated with caecal or colonic mucosa (Ulyatt et al. 1975). Overall, digestion is 
less extensive in the hindgut compared to that in the rumen because of a shorter 
retention time and the arrival of more refractory substrates in the hindgut (Grovum & 
Hecker 1973). Indeed there is a significant difference in viable bacterial counts in caecal 
and ruminal contents, and the former has been found to be considerably lower than the 




Early studies have shown that essential bacterial species in the reticulo-rumen are also 
found in the hindgut, thus, making both of them indistinguishable in terms of colony 
(Kern et al. 1974; Sharpe et al. 1975). A difference in microbial populations has been 
identified in some studies by the absence of protozoa in the caecum of ruminants (Kern 
et al. 1974).  In addition, other factors such as pH, which ranges from 6.0-7.7, and total 
VFA concentration (60-90 %), are identical in both the rumen and the hindgut (Faichney 
1968; Sharpe et al. 1975).  There is also a difference in the availability of readily 
fermentable substrate in the rumen, whereas in the hindgut the absorption is inefficient, 
therefore allowing the accumulation of fermentation end products. As far as the overall 
digestive process is concerned, hindgut fermentation does contribute to digestion and 
supplies energy to the host, however, quantitatively, its importance is lesser than 
ruminal digestion.  
 
In order to determine the efficiency of dietary protein utilisation, a comparison between 
fermentative and hydrolytic/enzymatic digestion may also be helpful. Inefficient 
utilisation of N by ruminants fed on protein-rich diets has remained an important limiting 
factor in the imbalance between degradative and biosynthetic activities of rumen 
microorganisms (Wallace 1994). The formation of ammonia and free amino acids in the 
rumen takes place as a result of partial degradation of nitrogen-containing compounds 
and these products are utilised by the rumen microorganism for synthesis of microbial 
proteins. The non NH3-N (NAN) that leaves the rumen mainly consists of NAN of 
microbial origin and non degraded dietary protein (Aharoni et al. 1991). Significant 
changes are seen in the profile of amino acids entering the omasum due to the 
formation of microbial proteins and degradation of dietary protein in the rumen (Merchen 
& Bourquin 1994). The amino acid profile of protein ex-abomasum is relatively constant 
under normal feeding conditions when microbial proteins constitute approximately 75 % 
of the total protein. Other possible changes in both quantity and quality of protein supply 
to the ruminant may well be due to an adjustment of the composition of amino acids or 
supplemental protein, or by increasing microbial protein in net production. Nevertheless, 
rumen microbial protein is the most important source of protein that reaches the lower 




While some microorganisms require NH3 for the synthesis of their cellular proteins, the 
host animal requires amino acids (Merchen & Bourquin 1994). Measurement of N 
retention in studies with lambs has shown an intra-gastric supply of microbial cells as 
the sole source of protein, and that while about 80% of this amino acid-N is utilised by 
the host animal the proportion of protein-N utilised depends on its degradability (Orskov 
et al. 1987). Extensive degradation of protein, that is present in many types of forage, 
takes place in rumen, but this is less extensive if tropical grasses are used as feed 
(Leng & Nolan 1984). The results of in vivo experiments in sheep fed diets containing 
forage have shown that the protein of microbial origin contributes 2/3 of total crude 
protein (N x 6.25) reaching the small intestine (Beever et al. 1981). The results of these 
studies highlight the importance of microbial protein when ruminants are fed forage-
based diets. 
 
2.3 Rumen microbes 
 
In the rumen, a complex ecological system exists between the host and a diverse 
microbial population consisting of bacteria, protozoa, fungi, archaea, and 
bacteriophage. A cascade of events takes place within the digestive systems in a new 
born ruminant. The first stage begins with proliferation of bacteria in a fluid phase after 
birth, then a colonization phase of bacteria in the digestive tract, followed by 
establishment of fungi and protozoa in fluid (Cheng et al. 1991). Furthermore, the 
formation of complex multi-species groups is required for normal microbial activities in 
mature ruminants (Fonty et al. 1987; Fonty et al. 1988; Stewart et al. 1988). Rumen 
microorganisms can be viewed as a combination of working units, which attack and 
break down feed particles in the rumen. However, it is best to discuss the role of each 
ruminal protozoa, bacteria, fungi, and archaea separately for clarity of purpose. 
 
2.3.1 Rumen bacteria 
 
The common bacteria present in the rumen are obligate anaerobes (Hungate 1966); 
nevertheless facultative anaerobes are also found in the rumen, forming a proportion of 
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the overall bacterial population (Olsen et al. 1986). The development of the dense 
bacterial population in the rumen is achieved by maintaining relatively constant 
conditions through a steady supply of feed and the continuous removal of fermentation 
end products and residues (Hungate 1966). The ruminal bacteria make up about half of 
the total microbial biomass in the normal rumen, and hence, contribute a greater portion 
to overall metabolism (Leedle & Hespell 1984). The metabolic variety of rumen bacteria, 
together with the multifaceted physical structure of the microbial community, enables 
ruminants to consume a wide range of feedstuffs (Leedle et al. 1982). However, 
changes in species composition of bacteria arise if the feeding regime for the ruminant 
is switched from a high-fibre forage diet to a high starch concentrate diet (Grubb & 
Dehority 1975). Similar affects on bacterial species have also been observed following 
changes in levels of feed intake, feeding frequency (Hungate 1966), and time of 
sampling after feeding (Warner 1962). 
 
2.3.1.1 Carbohydrate metabolism by rumen bacteria 
 
Table 2.1 lists a number of bacterial species found in the rumen with their respective 
utilised substrate and end products of the fermentation process. The data depicted in 
this table is based on in vitro studies conducted with pure cultures of isolated bacterial 
species. With the exception of lactate, which may occasionally appear, products, such 
as formate, ethanol, lactate, and succinate, are not usually found in the rumen (Hungate 
1966). As shown in Table 2.1, the important end product succinic acid is normally 
converted into propionic acid by other bacteria, such as Selenomonas ruminantium. 
These interactions between rumen microorganisms are an important feature in rumen 
fermentation (Melville et al. 1988).  
 
In the rumen, a combination of bacteria, fungi, and protozoa degrades the incoming 
plant material, with approximately 80 % of the degradation being carried out by bacteria, 
along with fungi and protozoa (Dijkstra & Tamminga 1995). In addition, the use of 
antibiotics has been shown to inhibit fibre degradation in the rumen to a greater extent 
than either anti-fungal or anti-protozoal drugs, signifying the importance of bacterial 
activity in ruminal fibre degradation (Akin & Benner 1988). Identification of a small 
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proportion of rumen microorganisms found that Fibrobacter succinogenes, 
Ruminococcus albus, and R. flavefaciens were the principal bacteria present in the 
rumen on the basis of their relative abundance and their ability to hydrolyse both 
purified and intact forage cellulose (Dehority 1993; Weimer 1996).  
 
Substrate specificity is a characteristic of the major cellulolytic bacteria and not all 
bacteria have the same digestive capabilities. While consumption of mono- and 
disaccharides as a carbon source is a common feature of most bacterial species 
present in the rumen (Table 2.1), bacteria such as F. succinogenes and the 
Ruminococcus spp are mostly limited to cellulose and its hydrolytic products (i.e. 
cellobiose and glucose) as growth substrates (Hungate 1966). In contrast, the 
bacterium Butyrivibrio fibrisolvens is able to hydrolyse a variety of substrates, including 
cellulose, starch, xylan, and pectin, and manage to grow on hydrolysis products.  S. 
Ruminantium cannot hydrolyse most of the polymers, but it is still able to consume a 
wide range of hydrolysis products and intermediates the fermentation processes. In fact, 
the ability of methanogens to produce methane from formate or H2/CO2 makes them a 
unique group compared to other rumen microorganisms (Hungate 1966). Table 2.1 
provides information pertaining to structural and soluble carbohydrate fermentation by 
major rumen bacteria and serves as a guide in relation to the hydrolytic enzymes and 
substrate uptake expected for each rumen bacteria. It is not always possible to detect 
the simple sugars produced in the first stage of carbohydrate digestion in the rumen due 
to immediate uptake and metabolism by the microorganisms. During this process, the 
Embden-Meyerhof-Pathway (EMP) takes place to produce pyruvate as a major end-
product of carbohydrate digestion, as pyruvate undergoes fermentation to produce VFA 
and lactic acid (Hungate 1966).    
 
Furthermore, attachment of rumen bacteria to their specific insoluble plant material is 
necessary for their digestion (Cheng et al. 1984). An extracellular glycocalyx coat, a 
product of adherent bacteria in an environment where multiple hydrolytic enzymes are 
working concurrently (Chesson & Forsberg 1997), influences the process of attachment. 
The results of studies on plant cell degradation by pure cultures of rumen 
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microorganisms have revealed that in the case of intact forage, only bacteria with high 
cellulolytic properties induce significant degradation of the substrate (Dehority 1991). 
Thus, degradation by hemicellulose- or pectinase-producing bacteria necessitates an 
interaction with cellulolytic species. Cellulolytic bacteria produce a wide range of 
degradative enzymes, and interactions between various components of enzyme 
complexes are thought to exist within a given species (Greve et al. 1984). One bacterial 
species, through its colonization of substrate, may be more prone to degradation by 
other bacterial species by breaking the surface layers or scission of particular bonds 
(Chesson & Forsberg 1997). Synergic relationships may exist between rumen bacteria 
that involve end-product utilisation or cross feeding. The coexistence or consortia of 
cellulolytic and non-cellulolytic bacteria like P. ruminicola or B. fibrisolvens elevates the 





















Table 2.1 Fermentative properties of ruminal bacteria and archaea (Chiba 2009) 
 
Species Substrate * Products¶ 
Fibrobacter succinogenes   A  F,A,S 
Ruminococcus albus   C,X  F,A,E,H,C 
Ruminococcus flavefaciens   C,X  F,A,S,H 
Butyrivibrio fibrisolvens   C,X,PR  F,A,L,B,E,H,C 
Clostridium lochheadii   C,PR  F,A,B,E,H,C 
Streptococcus bovis   A,S,SS,PR  L,A,F 
Ruminobacter amylophilus    A,P,PR F,A,S 
Prevotella  ruminocola   A,X,P,PR  F,A,P,S 
Succinimonas amylolytica   A,D  A,S 
Selenomonas ruminantium   A,SS,GU,LU,PR  A,L,P,H,C 
Lachnospira multiparus   P,PR,A  F,A,E,L,H,C 
Succinivibrio dextrinosolvens    P,D F,A,L,S 
Methanobrevibacter ruminantium   M,HU  M 
Methanosarcina barkeri  M,HU  MC 
Treponema bryantii   P,SS  F,A,L,S,E 
Megasphaera elsdenii   SS,LU  A,P,B,V,CP,H,C 
Lactobacillus sp.   SS  L 
Anaerovibrio lipolytica    L,GU A,P,S 
Eubacterium ruminantium   SS  F,A,B,C 
Oxalobacter formigenes   O F,C 
Wolinella succinogenes    HU S,C 
* C = cellulolytic; X = xylanolytic; A = amylolytic; D = dextrinolytic; P = pectinoiytic; PR = proteolytic; L = lipolytic; 
M = methanogenic; GU = glycerol-utilizing; LU = lactate-utilizing; SS = major soluble sugar fermenter, HU = 
hydrogen utilizer; O = oxalate-degrading; F = formate; A = acetate; E = ethanol; P = propionate; L = lactate; B = 




2.3.1.2 Protein metabolism by rumen bacteria 
 
Some dietary N sources may undergo ruminal transformation before they are presented 
to the host animal for utilisation. Studies using in vitro and in vivo techniques have 
shown that rumen microorganisms do have the ability to synthesize protein from non-
protein nitrogenous compounds, such as free ammonia via the hydrolyzation of urea. 
Naturally, plant crude proteins are the major source of N for ruminal microorganisms. 
The evolution of the compartmental stomach allows a slow passage of fibrous plant 
materials, which gives adequate time for cellulolytic microorganisms to degrade 
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structural plant material. However, it did not evolve for efficient metabolism of N at high 
protein inputs (Wallace 1994). Some animal production management practices result in 
rumen microorganisms existing in an energy-limiting environment where they break 
down amino acids in favour of increasing the energy supply rather than providing N 
sources for their growth (Wallace 1994). This kind of dietary protein degradation causes 
inefficient N retention and ever-increasing problems in disposal of N-rich excreta to the 
environment due to complete hydrolysis to NH3, and then, incomplete resynthesis into 
microbial protein, leading to urea-N excretion and wasteage (Tamminga 1992). 
 
Proteolytic capabilities are exhibited by both bacteria and protozoa, but bacteria play the 
key role in protein breakdown (Brock et al. 1982; Kopecny & Wallace 1982). Major 
groups of cultivable bacteria, that take part in ruminal protein degradation, have been 
characterised (Wallace et al. 1997). Comparative studies have shown that the 
degradative activities of pure cultures and ruminal contents are of a similar pattern 
(Morrison & Mackie 1996). About 75% of the total ruminal protease activity has been 
found to be associated with feed particles (Brock et al. 1982). Apparently, proteolytic 
enzymes secreted by mixed ruminal bacteria are found to be cells-associated (Kopecny 
& Wallace 1982), as minimum activity has been shown in rumen-fluid devoid of cells 
(Blackburn & Hobson 1960; Brock et al. 1982). Furthermore, proteolytic activity towards 
extracellular protein has been shown by 30% to 50% of bacteria isolated from rumen 
fluid and the most representative species were found to have some activities other than 
main cellulolytic bacteria (Wallace et al. 1997). Prevotella ruminicola, sometimes 
exceeds 60% of flora, (Van Gylswyk 1990) it has been shown to have a similar activity 
profile to that of ruminal contents (Wallace & Brammall 1985) and engages at all protein 
catabolic steps (Figure 2.1).  
 
The process of proteolysis generates short peptides (Chen et al. 1987). Oligopeptides 
undergo extra hydrolysis by peptidase, however; peptidases have shown no activity 
toward proteins and can be synthesized by microorganisms with non-proteolytic 
activities (Cotta & Russell 1997). Although the activity of protease has been shown in 
many ruminal microorganisms, ruminal bacteria have remained the major source of 
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peptidase activity, specifically towards oligopeptides (Figure 2.1) plus, bacterial 
peptidases exist both extracellularly and intracellularly (Cotta & Russell 1997).  
 
The excess amount of ammonia produced is mostly absorbed across the rumen wall 
where it is transported to the liver and then converted to urea and excreted.  Some of 
the ammonia is recycled in saliva (Leng & Nolan 1984). The loss of protein N excreted 
as urea can be more than 25%, which can have a detrimental affect on the overall 
economics of ruminant production (Nolan et al. 1976). However, the extent of N build up 
may vary with different diets (Leibholz 1969) and with the rate at which proteins are 
being degraded (Broderick & Wallace 1988). Apart from those listed in Figure 2.1, 
isolates of Clostridium sticklandii, Clostridium aminophilum, and Peptostreptococcus 
anaerobius have been found to be significantly involved in ammonia production 
(Wallace 1996). Ammonia utilisation as a nitrogen source by the bacteria only works if 
there is a sufficient supply of ATP for microbial protein synthesis (Cotta & Russell 1997). 
It is also quite common to observe an inverse relationship between the starch content of 
















 Dasytricha ruminantium, B. fibrisolvens, Entodinium caudatum, Clostridium spp,  
 Entodinium simplex, Eubacterium budayi, E. ruminantium, Eudiplodinium maggii,  
 Fusobacterium spp, Lachnospira multipara, Ophryoscolex caudatus,  
 P. ruminocola, Polyplastron multivesiculatum, R. amylophilus,  
 Selenomonas ruminantium, Orpinomyces joyonii, Neocallimastix frontalis, 
 S. bovis, Piromyces communis  
OLIGOPEPTIDES 
 S. bovis, R. amylophilus, P.ruminocola 
DIPEPTIDES 
D. ruminantium, E. caudatum, F. succinogenes, M. elsdenii, P. ruminocola, Isotricha 
Spp., 
 L. multipara, S. ruminantium    
AMINO ACIDS 
 Clostridium aminophilum, Copsychus stricklandii, Peptostreptococcus anaerobius,  
B. fibrisolvens, P. ruminocola, M. elsdenii, S. ruminantium, E. caudatum, Isotricha spp.    
AMMONIA + CARBON SKELETON  
 
Figure 2.1 Steps of proteolysis from protein to ammonia carried out by rumen microorganisms. 
Ruminal bacteria remain the major source of peptidase activity towards oligopeptides , with 
Prevotella Ruminicola engaging at all protein catabolic steps (Wallace et al. 1997).
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2.3.2 Rumen fungi 
 
Fungi are strict anaerobes whose life cycle consists of a motile phase as a zoospore 
and a vegetative phase as a sporangium (Bauchop 1981; Orpin 1977a).  Establishment 
of fungi happens during the vegetative phase as they consume feed particles using 
rhizoids, a cell wall penetration mechanism (Orpin & Joblin 1997). Approximately 8% of 
ruminal microbial biomass comprises of rumen fungi (Orpin & Joblin 1988). An 
estimation of the rumen fungal population size can only be obtained by zoospore count 
in ruminal fluid as it is difficult to quantify the vegetative stages (Dehority 1997). 
However, development of oligonucleotide probes has enabled researchers to quantify 
the contribution of ruminal fungal protein to the ruminal non-ammonia nitrogen (NAN) 
and their flow to the duodenum of sheep (Dore et al. 1993; Faichney et al. 1997).  
        
Ruminal fungi have demonstrated the ability to utilise most polysaccharides and soluble 
sugars. However, some carbohydrates including arabinose, pectin, polygalacturonic 
acid, galactose, and mannose, are not utilised. Fungi appear to degrade the plant 
cuticle, which acts as a protective barrier on the outside leaf and stem surfaces (Akin & 
Rigsby 1987). This feature entitles fungi to be considered to play a distinctive role in 
digestion in the rumen as they have access to plant polysaccharides which are 
otherwise unavailable to cellulolytic bacteria. Cellulase and hemicellulase make up the 
remainder of this extremely active arsenal of ruminal fungal enzymes (Mountfort & 
Asher 1989; Wood et al. 1986).  
 
Enhancement of the fibrolytic activity of ruminal fungi is done by methanogens that 
utilise hydrogen (Orpin & Joblin 1988). With their slow generation time, the ruminal fungi 
remain in low numbers within the rumen due to the presence of bacteria, such as the 
Ruminococcus species, which have a repressive effect on fungal growth (Stewart et al. 
1992). Proteolytic activity is also shown by ruminal fungi (Figure 1.1), which provides a 
platform for rhizoids to penetrate the proteinaceous layers of plant tissue (Wallace & 
Joblin 1985). The proteinaceous layers act as a defence mechanism to prevent 
cellulolytic bacteria gaining access to the secondary cell wall (Engels & Brice 1985). 
Penetrative ability, fibre colonisation, and production of highly degradative enzymes are 
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the characteristics which indicate the significant role played by ruminal fungi in the 
digestion of a fibrous diet in ruminants. However, the exact quantification of in vivo feed 
fermentation by rumen fungi has not yet been estimated. There is, nevertheless, a 
considerable increase in fibre digestibility in the presence of anaerobic rumen fungi 
when compared to those animals without it (Gordon & Phillips 1993).   
 
2.3.3 Rumen ciliate protozoa 
 
The ciliate protozoa are found naturally in all domesticated ruminants (Williams & 
Coleman 1997). Compared to bacteria, low numbers of protozoa are found in the 
rumen, however, they account for 50% of the total ruminal biomass mainly due to their 
larger size (Jouany & Ushida 1999). Rumen ciliates are categorized taxonomically into 
two orders; the Entodiniomorphida and Vestibuliferida, within the subclass of 
Trichostomatia of the class Litostomatea based on different structural features, together 
with the establishment of molecular data, (Wright 2009). 
 
Furthermore, examination of ciliate protozoa via electron microscope has revealed the 
position of protozoa in the rumen ecosystem as part of a complex biomass that 
colonises the rumen and degrades plant material (Amos & Akin 1978; Bauchop 1989). 
Studies have also shown that protozoa produce a number of enzymes essential for 
plant cell wall structural polysaccharide breakdown (Williams & Withers 1991). It has 
been estimated, that protozoa are responsible for degradation of between one quarter 
and one third of the fibre in the rumen of normally faunated animals (Demeyer 1981; 
Orpin 1984). 
 
Active cellulases and hemicellulases are normally found in Diploplastron, Polyplastron, 
Epidinium, Eremoplastron, and Ophryoscolex protozoa (Williams & Coleman 1992). 
Some non-cellulolytic protozoa, such as holotrichs and Entodinium species, still 
possess hemicellulolytic ability equivalent to ~ 4-20% due to the large size of the 
protozoa (Williams & Coleman 1985). Enhancement of carboxymethylcellulase 
(CMCase) activity in the rumen can be made by inoculation of the E. caudatum 
protozoan (Jouany et al. 1988). These increments arise when cellulolytic bacterial 
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CMCase multiplies in number and activities up to 2.5 fold in Entodinium inoculated, 
compared to defaunated rumen fluid (Jouany et al. 1988). 
 
Essential proteins and lipids that are embedded within the cells of protozoa have 
potential nutritional value that can be utilized by the host (McNaught et al. 1954; Weller 
1957). However, because protozoa are selectively retained within the rumen they are 
not always available to the host animal (Coleman et al. 1980; Leng et al. 1986). A series 
of studies on young animals has shown that ciliate protozoa are not necessary for 
normal growth and therefore, this suggests that protozoa are not essential for the 
development and the survival of ruminants (Becker 1929; Bird et al. 1978; Bird & 
Seccombe 1998; Veira 1986).    
 
2.3.3.1 Influence of ciliate protozoa on microbial protein synthesis in the rumen  
 
Several suggestions have been put forward to explain the level of protein cycling within 
the rumen. Autolysis of bacteria by bacteriophages or mycoplasmas or other known lytic 
factors could affect microbial protein synthesis (Hoogenraad & Hird 1970; Orpin & Munn 
1974; Robinson & Hungate 1973). However, studies using in vitro and in vivo 
techniques have shown that engulfment of bacteria by ciliate protozoa is the most 
important cause of bacterial protein reduction in the rumen (Wallace & McPherson 
1987; Williams & Coleman 1992). 
      
For optimum protozoal growth, bacteria are the most important source of nitrogenous 
compounds although free amino acids and plant material also serve as important 
sources for some species (Jouany & Ushida 1999; Williams & Coleman 1997). 
Therefore, optimal protozoal growth cannot be maintained without bacteria or bacterial 
cellular contents (Onodera & Henderson 1980). Although bacteria are ingested and 
digested by protozoa as their major nutrient source, only a fraction of the peptides and 
amino acids produced by protozoa themselves is used for protozoal protein synthesis 
(Coleman 1975). Furthermore, it has been identified via in vivo studies that protozoa 
gain up to 58% of their N from bacteria. This fact illustrates the effect of rumen protozoa 
on intraruminal N recycling (Faichney et al. 1997). Thus, recycling of bacterial protein, 
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selective retention of protozoa and carbon loss from the cellular materials of protozoa in 
the faunated rumen incur an increased energy cost.  This leads to decreased microbial 
growth efficiency followed by a reduction in microbial cell flow to the intestine (Demeyer 
& Vannevel 1986). It is obvious that protozoa have a significant role in microbial protein 
turnover and ammonia production within the rumen.  
 
An experiment, was carried out, over a three-year period, on defaunated ewes grazing 
on native Australian pasture.  In the first year of the experiment the pasture had very 
poor pasture growth due to drought conditions but had above average, high quality 
growth in the two subsequent seasons (Bird 1985). It was observed that defaunation 
improved the productivity of the animals which was seen by an increase in growth rate. 
During the initial 10 weeks of the study, a small population of ciliates was detected, but 
the sheep remained free of ciliates in the remaining 18 months of the trial. It was 
assumed that additional protein available in the defaunated condition was channelled 
for maintenance and growth of the foetus rather than for wool growth, as the birth 
weight of new born lambs from defaunated ewes tended to be higher. Defaunation has 
no apparent negative effects, but appears to have considerable potential for improving 




Archaea, belonging to the domain of single-celled microorganisms, constitute about 0.3 
to 3.3% of microbial small subunit rRNA (16S and 18S) in the mixed microbial 
population of the rumen (Lin et al. 1997; Sharp et al. 1998; Ziemer et al. 2000). Archaea 
are found in a very broad range of habitats (DeLong & Pace 2001), surviving in 
extremely harsh environments like salt lakes and hot springs and they are known for an 
equally versatile metabolism. It has been confirmed, from analysing a large amount of 
small subunit rRNA data, that the archaea found in the rumen are mainly anaerobic 
methanogens (Janssen & Kirs 2008). Almost all of the species that are classified as 
methanogens have flourished with H2 or formate to produce their source of energy. 
Utilization of electrons from H2 or formate by methanogens reduces CO2 to CH4. Some 
species are able to flourish by oxidizing methyl groups to CO2 and by gaining some 
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electrons for further reduction of methyl groups to methane, however, no such 
metabolism activity of acetate to CH4 has been observed in the rumen (Hungate et al. 
1970).  
 
Based on global data sets and analyses, almost 92.3% of archaea detected in the 
rumen belong to three genus groups known as Methanobrevibacter (61.6%) these are 
considered to be the dominant methanogens in the rumen (Miller 1995; Wright et al. 
2008),with  Methanomicrobium (14.9%), and Rumen Cluster C (RCC) (15.8%) that is 
still uncultured (Beijer 1952).  
 
The rumen microbes ferment proteins and polymeric carbohydrates to produce volatile 
fatty acids (VFAs), NH4+, CO2, and H2. The methanogens are mainly responsible for 
metabolizing H2. The ruminants fulfil their carbon and energy requirements from the 
VFAs that are absorbed throughout the rumen wall. The undigested feed components, 
along with microbial cells and some VFAs, ultimately leave the rumen and pass through 
the rest of the digestive tract. Eliminating the inhibitory effects of H2 on microbial 
fermentation increases the rate of fermentation and leads to a favourable pattern of 
VFAs (McAllister & Newbold 2008; Wolin 1979).  
 
In addition, methanogens are usually found attached to particulate materials and rumen 
epithelium, although some are found free in the rumen fluid. They also live in an 
endosymbiotic relationship by attachment to rumen protozoa. Obviously, the different 
fractions of methanogens found in the rumen have different growth rates which can be 
seen in the determined by the different rates of passage out of the rumen (Mathison et 
al. 1995). 
 
2.4 Microbes in the camel forestomach 
 
In order to review the microorganisms found in the forestomach of camels, the microbial 
diversity of other currently available metagenomes is discussed to highlight the potential 
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differences in the microorganisms of the forestomach of the camel and those of the 
rumen. 
 
Liquid samples from the camel forestomach contain Bacteroidetes, Firmicutes, and 
Proteobacteria as the main phyla (Bhatt et al. 2013). The three large classes of bacteria 
that constitute the phylum Bacteroidetes are widely found in the environment, 
particularly in the gastrointestinal tract and on the skin of animals, in soil, sediments, 
and sea water.  The phylum Proteobacteria is a major group that consists of a huge 
variety of pathogens (Madigan & Martinko 2005) and is the third main phylum of the 
liquid phase of digesta. Firmicutes, mainly includes Gram-positive bacteria with a rigid 
cell wall structure.   
 
The highest sequence homology is seen in genus Bacteriodes followed by 
Parabacteroids, Eubacterium, and Clostridium. The gastrointestinal flora in mammals 
largely comprises of Bacteroides that live in a symbiotic relationship with the host 
animal (Dorland 2003). They benefit the host by breaking complex molecules into 
simpler ones and they play an instrumental role in the digestion of non-starch 
polysaccharides (Wexler 2007; Xu et al. 2007). In fact, these complex polysaccharides 
and polyglycans serve as the main source of energy for the Bacteroides species, even 
though they can also use simple sugars (Martens et al. 2008). 
 
The dominant Bacteriodes in the forestomach of the camel is Bacteroides fragilis, which 
is also the most prevalent organism of the gastrointestinal flora. Before their 
reclassification as a distinct species, they were considered as a subspecies and were 
classified as ssp. Distasonis, ssp. Fragilis, ssp. ovatus, ssp. Thetaiotaomicron, and ssp. 
vulgatus. The obligate anaerobe, B. thetaiotaomicron, is another major foregut organism 
that lives in an endosymbiotic relationship (Bhatt et al. 2013). Bacteroides 
thetaiotaomicron produces a large amount of digestive enzymes that helps the host in 
digesting plant materials. Bacteroides thetaiotaomicron has been found to be very 
effective in breaking down all three forms of starch, i.e. amylose, amylopectin, and 
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pullulan, including malto-oligosaccharides (Shipman et al. 1999). The complex 
polysaccharides serve as the main source of energy to this bacterium.  
 
The SEED database or Subsystems-based annotations for metabolic profiling indicated 
that sequences associated with carbohydrate metabolism happened to be the second 
most prevalent subgroup in the metagenome of the camel (Bhatt et al. 2013). The high 
amount of complex polysaccharides in the diet of camels may be considered as the 
main factor inducing diversity and the prevalence of carbohydrate utilisation subsystems 
in the metagenome of the camel. However, the prevalence of this subgroup in the camel 
metagenome varies in comparison to other metagenomic groups. The pH of the foregut, 
the nature of substrates, and the microbial population in relation to environmental 
factors such as temperature, availability of cations, and soluble carbohydrates that 
influence bacterial attachment may be considered as the determinants of prevalence 
rate in this subgroup (Miron et al. 2001). 
 
Furthermore, as the anatomy of the digestive tract and its functions are quite similar in 
cows and camels, it is logical to find that the metagenome of both these mammalian 
herbivores share high taxonomic and functional similarity. It has been shown from 16S 
rRNA gene-sequence analysis that the bacterial gut flora generally remains similar in 
omnivorous mammals (Ley et al. 2008). Samsudin et al. (2011). found, in a study using 
16S rRNA gene cloning of the foregut bacterial community in the dromedary camel that 
the majority of the gene sequences were closely related with the known functions of 
fibre-degrading bacterial species found in ruminants, such as Butyrivibrio sp., 
Clostridium sp., Eubacterium sp., and Ruminococcus species Moreover, the presence 
of Firmicutes and the prevalence of Bacteroidetes, as the most abundant Gram-
negative bacteria of the gastrointestinal flora have phylogenetic similarities seen in other 
herbivorous mammals (Leser et al. 2002). 





2.5 Rumen microbial interactions 
 
The sustainability of the microbial community and its collective activity depends on 
interactions between various rumen microbes (Wolin 1990). Density, diversity, and 
different metabolic capabilities of each group of microorganism add to interactions and 
make them more complex. The nature of interactions between different species and the 
level of mutual dependence differs greatly: varying from simple essential cross-feeding 
nutrients; carbon or vitamins and energy sources to a very exclusive complete 
dependence (Wolin et al. 1997). The products of vitamin production and N metabolism 
of some microbes become the source of N compounds and vitamins for others, whereas 
metabolic products of some microbes act as a source of energy for other species (Wolin 
et al. 1997).  Many of these microbial interactions regulate the quantitative and the 
qualitative natures of fermentation products and the concentrations of dietary 
substrates.       
 
2.5.1 Metabolic interaction 
 
The major source of carbon and energy for ruminants are plant polysaccharides. 
Polysaccharide digestion relies on the microbial population hydrolising the plant 
polysaccharides. Therefore, the process of polysaccharide hydrolysis and the uptake of 
the products of hydrolysis by the different species of microorganisms remains the most 
crucial interaction (Wolin et al. 1997). Although some species of microbes, including 
bacteria, anaerobic fungi, and protozoa have cellulase activity, the products of cellulose 
hydrolysis are responsible for supporting the growth of those species without cellulase 
activity (Wolin 1990). In fact, the survival of some non-cellulolytic microbes can take 
place by competing with cellulolytic species for the products of hydrolysis. Cellulolytic 
species are incapable of hydrolysing starch (Table 2.1) but some other species such as 
S. ruminantium and P. ruminicola have shown the ability to use various types of 
polysaccharides even though they are not cellulose digesters (Wolin 1979). It has been 
shown that S. ruminantium is a non-cellulolytic species that can grow well on the 




Extensive bacterial interactions in the rumen are required to convert dietary protein into 
microbial proteins. Degradation by proteolytic species, such as R. amylophilus, P. 
ruminicola, and B. fibrisolvens, convert dietary proteins to peptides, amino acids, and 
ammonia (Hespell & Smith 1983). Amino acids are used by a few non-proteolytic 
bacterial species as their source of N, while the majority of ruminal bacteria use 
ammonia as their major source for cellular N (Bryant 1974). The presence of mixed 
rumen microorganisms was found to influence the concentration of preformed amino 
acids and peptides. It was found that decreasing levels of preformed N source arise 
when the proportion of microbial N derived from ammonia increased, and vice versa 
(Atasoglu et al. 1999). Degradation of branched-chain amino acids (BCAAs), including 
leucine, isoleucine, and valine to their respective branched-chain fatty acids (BCFAs) 
isovaleric, 2-methylbutyric acids, and isobutyric is carried out by P. ruminicola and M. 
elsdenii (Hespell & Smith 1983). Requirements for one or more of these branched-chain 
fatty acids for the synthesis of branched-chain amino acids and long chain fatty acids 
are common among the dominant non-proteolytic rumen bacteria (Bryant 1974; Hespell 
& Smith 1983).  
  
Studies into the interaction between ciliate protozoa and both ecto- and endosymbiotic 
methanogens have been reported (Bryant 1974; Hespell & Smith 1983). Some 
methanogens are found to attach to protozoa (Krumholz et al. 1983; Sharp et al. 1998; 
Stumm et al. 1982). The reason for methanogens to be attached to protozoa is because 
of the hydrogen potential in the rumen. In the pre-feeding period, the hydrogen potential 
level in the rumen becomes lower and this leads to greater attachment of methanogens 
to the protozoa in order to have continued access to hydrogen supply (Stumm et al. 
1982). Endosymbiotic methanogens reside in close proximity to hydrogenosome, a 
eukaryotic redox organelle (Fenchel & Finlay 1995). Therefore, symbiosis between 
methanogens and ciliates is most likely driven by the significant component of hydrogen 
transfer. In addition, significant dry matter digestibility by ciliate protozoa occurs as a 
consequence of intracellular and extracellular association between ciliate protozoa and 
methanogens (Ushida & Jouany 1996). The process of hydrogen transfer between 
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methanogens and ciliate is a synergistic relationship of the metabolic activities of 
ruminal ciliate protozoa.  
 
2.5.2 Predator-prey interactions  
 
The engulfing and digestion of bacteria by protozoa is one of the most obvious 
predatory-prey interactions that take place in the compartmental stomach. This has a 
large impact on rumen microbial protein production and leads to a low contribution rate 
of rumen microbial protein to the small intestine (Ivan et al. 2000). The influence of 
ciliate protozoa on the size and the activity of bacterial populations has been discussed 
earlier (Williams & Coleman 1992) and remains a topic in this study.  
 
The affect of protozoa on the number of fungal zoospores is controversial, some studies 
have demonstrated that there is an increase in the number of fungal zoospores after 
defaunation which is evidence that protozoa are involved in determining the size of 
fungal populations (Orpin 1977b; Romulo et al. 1989) whilst other studies have 
indicated that defaunation has no effect on the number of fungal zoospore (Williams & 
Withers 1991). These inconsistencies may be attributed to the difficulty in the 
quantification of fungus (Dehority 1997). Zoospore ingestion during in vitro co-
incubation of fungi with ciliate protozoa was observed by Morgavi et al. (1994a), while in 
vivo studies showed that protozoa existed at the sites of mature fungal sporangia, which 
suggests that the ciliates could feed on the released zoospores (Fonty & Joblin 1991). 
Degradation of chitin and extensive solubilisation of 14C element from 14C-labelled 
Piromonas communis when incubated with individual and mixed species of ruminal 
ciliates indicate a turnover of fungal protein caused by ciliate protozoal degradation 
(Morgavi et al. 1994b; Williams et al. 1994).  
 
2.6 Manipulation of rumen fermentation 
 
Characteristics of dietary components can be a limiting factor with regard to the nutrition 
of ruminants. Feed quality and quantity can be crucial factors during the dry periods, 
especially in the tropics. Typical tropical forage that is rich in lignin serve as limiting 
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features for structural carbohydrate fermentation (Osuji et al. 1995; Van Soest 1994). 
However, the improvement of rumen function can be achieved by manipulation of feed 
nutritional value to optimise the efficiency of fermentation. There are two key factors that 
may improve the utilisation of low quality feed to ruminants: (a) to ensure the efficiency 
of rumen microbial growth by maximizing the availability of nutrients for digestion and 
optimizing the extraction of carbohydrates from the diet, and (b) to increase the 
synthesis of rumen microbial protein and promote a higher flow rate of rumen microbes 
to the lower gut (Leng 1990).  
 
Furthermore, activities and composition of the rumen microbial population can be 
modified by direct rumen intervention strategies. The possible modifications include: 
methane inhibitors; antibiotics and defaunating agents; Ionophore antibiotics such as 
monensins. Ionophore antibiotics are commonly used to depress methane production, 
ncrease propionate concentrations and also decrease protein degradation, all aiming to 
improve the productivity of ruminants (Jouany 1994; Satter & Slyter 1974; Van Nevel & 
Demeyer 1977). Most effects of monensin occur due to its affect on the Gram-positive 
group of bacteria. Unfortunately, these ionophores also lead to unwanted effects by 
inhibiting the fibre-degrading bacteria due to the broad-spectrum activity of this antibiotic 
(Morrison & Mackie 1996). Limitations to the effectiveness of monensin arise when 
ruminal bacteria develop resistance to its long-term use (Newbold et al. 1993). This 
scenario created uneasiness in the general public and, hence, the use of antibiotics as 
growth promoters has been banned (House Of Lords 1998).  
 
Extensive intraruminal recycling of N caused by degradation of microbial protein by 
ciliate protozoa dramatically influences the efficiency of net ruminal microbial protein 
production (Ushida et al. 1991; Wallace & McPherson 1987; Williams & Coleman 1992). 
A study has revealed that as much as 50% of the ruminal ammonia flux might be 
recycled in this manner (Leng & Nolan 1984). It was suggested that the elimination of 
protozoa from the rumen by chemical defaunation would result in an increased bacterial 
population, which would, consequently influence the fermentation of feedstuffs, 




Moreover, indirect rumen manipulation can be done in different ways such as: physico-
chemical treatment of the feed (Chesson 1993; Leng & Nolan 1984; Lopez-Guisa & 
Satter 1992; Schwab 1995): addition of fibrolytic enzymes to the diet (Beauchemin et al. 
1995; Newbold et al. 1992) or supplying different sources of N (Leng & Nolan 1984). 
Ideally, enlargement of the forage surface area by grinding and pelleting introduces a 
chemical action and also provides a greater surface area for enzyme attack, but still, the 
utilization of structural carbohydrate is not increased. In fact, improvements in animal 
performance often arise primarily due to the increase of digestible energy intake. 
Moreover, reduced digestibility may be observed due to the shorter residency time 
within the rumen of finely ground feed particles (Bourquin et al. 1990). Methods of 
improving the microbial utilisation of structural carbohydrates also include chemical 
treatment of plant cell walls with reagents such as potassium hydroxide, sodium 
hydroxide, and ammonia which partially solubilise lignin and hemicelluloses. For 
extensive solubilisation of structural carbohydrate and lignin degradation, oxidative 
treatment of forage with peroxide or sulphur dioxide is used (Dryden & Leng 1988; 
Fahey et al. 1993; Oosting et al. 1994).  
 
An approach that involved the physico-chemical treatment of the diet was successfully 
applied to protect dietary protein from rumen degradation (Preston 1987; Schwab 
1995). Optimally, the rate and the extent of degradation of ruminally degradable protein 
should be restricted to just meet the requirements of rumen microorganisms and to 
enhance the bypass protein to complement the flow of ruminally synthesised microbial 
protein. Success has been observed in most chemical treatments that have been 
adopted to decrease the degradation of dietary protein in the rumen (Broderick et al. 
1991; Reid et al. 1974). However, in commercial situations, the major challenge 
associated with chemical treatment is to determine the optimal rates of application 
(Schwab 1995). Moreover, such chemical treatments will be less effective in tropical 
and subtropical regions due to the low protein contents of the forage. The protein 
demands of ruminal microbes can be met by supplementing crop residues that are poor 
in quality with ruminally available N. However, such supplements are either expensive 
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or unavailable to many farmers, especially in developing countries. Thus, in order to 
meet the requirements of ruminants for protein supply, alternative approaches to rumen 
manipulation should be taken in order to increase the efficiency of microbial protein 
synthesis and the flow of microbial protein to the intestines.  
 
Another appealing indirect technique to manipulate the rumen ecology or function is by 
applying trans-inoculation of rumen microbes via co-grazing systems. 
 
2.7 Co-grazing camels with cattle 
 
Co-grazing is best defined as stocking more than one livestock species on the same 
land; grazing together or ‘simultaneously’ within a single growing season, whereas 
‘sequential’ grazing (i.e., grazing by one species followed by another at separate times) 
is categorized as multi- or mixed-species grazing (Animut & Goetsch 2008). In addition, 
different schools of thought describe mixed grazing as grazing simultaneously, while 
sequential grazing is grazing in succession (Fraser et al. 2007). However, both methods 
apply the mixed exploitation of different livestock species (beef cattle, sheep, camels, 
etc.), which complement each other to obtain a better use of the same land resources 
(Philips et al. 2001; Putfarken et al. 2008).  
 
The Australian Rural Industries Research and Development Corporation (RIRDC) has 
funded research to investigate the beneficial role of cattle-camel co-grazing  and the 
potential of adopting it as an alternative farming system, particularly with view to 
increase the weight of livestock grazed per square kilometre. In Central and Northern 
Australia, some pastoralists have begun to introduce camels to co-graze with cattle in 
their properties to reduce bush encroachment, especially prickly acacia (Acacia nilotica 
subsp. Indica), which has infested over six million hectares of native pasture, especially 






 2.7.1 Co-grazing solutions for biodiversity wellbeing 
 
In recent years there has been overwhelming interest in biodiversity due to its impact on 
the functioning ecosystem. It plays a vital role as a natural provider for mankind in terms 
of water purification, climate regulation, nutrient retention and effects on surrounding 
resources. In particular, concern has been raised about the cost of improper land use 
(Niemela et al. 2005; Polasky et al. 2005; Swift et al. 2004).  Economists see 
biodiversity of the ecosystem services as a type of insurance similar to the way that 
farmers have begun to grow a variety of plants, and by diversifying their crops they 
reduce risk from adverse impacts on the environment (Bene & Doyen 2008; Toledo & 
Burlingame 2006). Another added value of biodiversity is that it may result in nutrient 
enrichment of the grazing animal’s diet as different vegetation varieties have different 
nutrient content (Toledo & Burlingame 2006). Several organizations in Europe have 
expressed an interest in maintaining biodiversity in farmland as it has proved to 
increase potential economic benefits (Rook et al. 2004).  
 
Agricultural activites may create critical consequences for biodiversity. For example, 
intensification of land use in order to meet a rapidly increasing food demand by humans 
may result in a decrease in biodiversity. (Reidsma et al. 2006; Swift et al. 2004). 
Increasing the stocking rate of the same grazing species within the same land area will 
initiate the extirpation of certain plant species since only a few plant species may be 
preferred as food resources (Rook et al. 2004). Furthermore, abandonment of grassland 
without any replacement of grazed forage also decreases biodiversity (Reidsma et al. 
2006). Alternatively, landholders and other stakeholders may adopt co-grazing to 
maintain biodiversity and richness of pasture, as co-grazing could maintain high 
structural diversity (Putfarken et al. 2008).  
 
The desired outcome of maintaining biodiversity in pasture is achieved by correctly 
selecting different livestock types to take advantage of their dietary preferences (Rook 
et al. 2004). In the case of cattle-camels co-grazing, no aggressive interactions between 
species were recorded. Camels and cattle seem to live harmoniously with each other 
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during drinking or even feeding in the same yard (Philips et al. 2001). Camels browse 
on a broad spectrum of fodder plants that are mostly avoided by other domestic 
herbivores. These species include thorny bushes, halophytes, and aromatic types (Iqbal 
& Khan 2001). Camels were noted to have a particular fondness towards shrubs and 
trees, such as Balanitus aegyptica, which have thorns of up to 7 cm in length. 
Sometimes, camels were also seen to prefer flowers and fruits (Moges & Uden 2005). 
 
2.7.2 Natural weeds and brush control 
 
Co-grazing has a direct affect on weeds and brush, as existing timber densities decline 
and forage densities increase (Putfarken et al. 2008). In cattle-camels co-grazing 
investigations in Central Australia, camels tended to pull down shrubs and branches of 
trees up to 10 cm in diameter and break them off. Hence, the co-grazed cattle seize the 
advantage by feeding off the freshly broken Acacia aneura branches (Philips et al. 
2001). Different morphological adaptations among species are involved in the co-
grazing system. For example, cattle have relatively short lips, broad muzzles, and a 
cornified tongue tip, which may limit their maximal grass intake on ground storey 
vegetation (Animut & Goetsch 2008). Larger herbivores, such as camels, ought to have 
taller swards to subsist than smaller ones do (Illius & Gordon 1987). Obviously, camels 
with their long neck and long legs are anatomically able to select and to reach more 
closely to branch tips than cattle. Cattle normally consume vegetation in the range of 5 
to 10 cm of height (Putfarken et al. 2008).  
 
Camels act as balancers, or buffers, on vegetation growth as their browsing behaviour 
changes according to seasonal condition, i.e. whether it is dry or wet. An abundance of 
vegetative growth, particularly grasses, can be observed during the rainy season in the 
semi-arid grasslands in Australia (Letnic et al. 2004). During the wet season, camels 
were observed to graze from the ground and changed their preference back to trees 
and shrubs once dry conditions returned (Philips et al. 2001). 
 
Another remarkable behaviour of camels which promoted vegetation growth stability 
was also observed in that the camels did not browse for long periods from any single 
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plant, regardless of density. Each segment of plant was taken in a small portion and 
then the camels moved continuously from tree to tree. As a result, browsing pressure on 
each plant was reduced as camels tended to spread out during browsing, especially in 
the dry season. This grazing behaviour was also responsible for the reduction of high 
level anti-nutritional compounds in any specific plant (Moges & Uden 2005). 
 
2.7.3 Trans-inoculation of rumen microbe 
 
One potential field for the application of cattle-camels co-grazing is the natural trans-
inoculation of foregut microbes. It had been expected that trans-inoculation between co-
grazing cattle and camels would occur by sharing water troughs or browsing from the 
same plant (Philips et al. 2001). This possibility that microbes could naturally trans-
inoculate is an exciting development and scientists are focusing their research in this 
area by using intentional trans-inoculation of ruminal microbes in order to improve feed 
digestion. Initial experiments have involved the laborious work of continuous trans-
inoculation of microbes, including genetically modified microbes, but to date, they have 
not been successful as no single trans-inoculated microbe persisted in the new host 
beyond 10 to 15 days (Krause, et al. 2001b; Krause, et al. 1999a; Krause, et al. 1999b; 
Varel et al. 1995). 
 
The transition from a forage ration to a high-grain diet is seen as a critical step in 
determining rumen adjustment and adaptation. Commonly, feeding large amounts of 
grain initiates a reduction of ruminal pH leading to ruminal acidosis (Krause & Oetzel 
2006). With large volumes of trans-inoculation from grain-adapted animals to unadapted 
animals, the unadapted rumen will undergo a safe transition to a high-grain diet (Allison 
et al. 1964). Calves can also be assisted by trans-inoculation, a study by Conrad & 
Hibbs (1953) found that calves that were dosed with normal adult microbiota were able 
to accelerate digestion of a roughage ration. Furthermore, trans-inoculation of rumen 
fluid between adult cattle and new born dairy calves may enhance weight gain and 




Arguably, the most prominent finding with respect to rumen microbial trans-inoculation 
was in a study conducted by Jones and Lowry (1984), who improved the utilization of 
Leucaena leucocephala, a protein-rich forage legume that produces a compound (3-
hydroxy-4[1H]pyridone) that causes toxicity in ruminants. A series of Leucaena 
toxicoses in ruminants was reported in Australia, Papua New Guinea, Africa, Malaysia, 
and Florida (Hammond 1995; Holmes 1981; Jones et al. 1976; Semenye 1990; Wong et 
al. 1989), but it did not occur in other tropical and sub-tropical regions (Girdhar et al. 
1991; Hammond 1995; Jones & Megarrity 1983; Kishan et al. 1986; Semenye 1990; 
Sharma et al. 1990). The geographical difference in rumen microbial ecology has been 
recognized to be the main factor of this distinctive response, thus inspiring the 
exploration of trans-inoculation of DHP-degrading bacteria, Synergistes jonesii, from 
Hawaiian goats to Australian ruminants to overcome the toxicity of Leucaena (Jones & 
Megarrity 1986). 
 
Another example of artificial rumen trans-inoculation occurred when the gene encoding 
fluoroacetate dehalogenase was transferred into Butyrivibrio fibrisolvens (Gregg et al. 
1998). This newly recombinant B. fibrisolvens is capable of reducing the toxicity of 
monofluoroacetate, which is found in various pasture plants at levels of up to 5g kg−1 
(McSweeney & Mackie 1997). In this study, four strains of recombinant bacteria were 
trans-inoculated into sheep before fluoroacetate treatment was conducted and it was 
observed that the inoculated sheep showed reduced toxicity symptoms compared to 
uninoculated sheep. As B. fibrisolvens is primarily hemicellulolytic (Dehority 1965; 
Dehority & Scott 1967), a further recombinant of B. fibrisolvens encoding the genes of 
plant cell wall-degrading enzymes has been constructed to maximize its fibre 
degradation, and improve digestibility (Cotta et al. 1997; Gobius et al. 2002; Krause et 
al. 2001b). However, it still failed to outperfom the far more potent fibrolytic rumen 






2.8 Various scenes of the co-grazing model 
 
2.8.1 Co-grazing cattle, goat, sheep, and reindeer 
 
Different animals have different grazing habits. The need for a better understanding of 
the impact that these different animals would have on farmland vegetation, has led to 
research on the impact of co-grazing various species. These studies have focused on 
the most common domesticated animal species (e.g. cattle, goats, sheep, and reindeer) 
(Wehn et al. 2011). The effect of these co-grazers on the vegetative makeup of the 
environment was studied in the mountain region of south-central Norway. In addition to 
the impact on vegetation, the impact of cattle on both the established forest and the 
changing forest areas was studied. Data obtained from the time period of the 1960s up 
to the year 2002 were analysed by looking at grazing pressure maps, land use studies, 
vegetation maps and digitized aerial photographs. Vegetation was mapped using GIS 
software, while multiple mathematical models were used to determine the effects of 
grazing habits on the existing vegetation and forest lines. 
 
As a result of the investigation, the following conclusions were drawn: 
 Cattle grazing alone maintained grassland habitats. 
 Cattle co-grazed with goats preserved the highland vegetation. 
 Heavy grazing species (cattle, goats, and reindeer) have an influence on the 
birch forest line. 
 
Heavy grazing of these animals in open lands was also found to retard the development 
of scrubland and forests. In areas where sheep farming is practiced, and sheep alone 
grazed, the retardation of scrubland and forest development does not occur. Of all the 
grazers, goats have the most severe impact on existing vegetation, being capable of 
causing the death of scrublands and forests alike. These findings were consistent with a 
previous study by Hrabok et al. (2006), which showed, in addition, that reindeer can 





2.8.2 Co-grazing horses and cattle 
 
In order to further understand the impact of co-grazing, particularly between cattle and 
horses, a six-year study of the grazing habits and the impact of that grazing on the local 
fauna were conducted in western France where the practice of co-grazing has been in 
place for centuries (Loucougaray et al. 2004). This study investigated the effects on the 
existing vegetation of single species and multi-species grazing habits with horses. It 
was found that co-grazing of animals allowed for the greatest amount of biodiversity in 
the landscape by maintaining a diverse number of plants across species and structural 
boundaries. It was also shown that mixed grazing allowed rosette, sub-halophyte, and 
halophyte species to thrive, partly due to the addition of additional saline from animal 
urine to the environment due to the presence of the grazing animals. 
 
Not only did co-grazing with horses help preserve a rich environment, it also helped to 
inhibit the development of invasive plants, such as Elymus repens and Agrostis 
stolonifera. Therefore, it was proven that co-grazing can be used to help maintain 
grasslands by both providing additional nutrients to the soil through the waste of the 
grazing animals and by the animals consuming highly competitive plants that would 
normally block out the existing flora. 
 
In order for co-grazing to be effective, the various animal groups need to be allowed to 
maintain their own social order. This is accomplished through the separation and the 
segregation of the animals as needed. While inter-species conflicts were rare, when 
food supplies were lowered, it was natural that one species would arise as the dominant 
species and it would take the majority of the available food supplies. During the course 
of the study, this dominant species was the horse. 
 
Another interesting finding of the research was that co-grazing animals make use of the 
grazing land at times of the day specific to each animal group. The animals themselves 
worked together to maintain social cohesion and avoid conflict. However, in the Western 
United states where grazing land is not as plentiful and the native species tend to 
consume larger amounts of food, competition among the species was found to be more 
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common, particularly when all animals come down into the prairies to find food during 
the winter (Smith 1986). 
 
2.8.3 Co-grazing cattle and sheep 
 
One benefit of co-grazing or sequential grazing of cattle and sheep in temperate 
climates is helminth control. By having the species alternate between usages of the 
same grazing land, a considerable reduction in problems arising from worms has been 
observed. Worms and other parasites are usually specific to a particular host species. In 
species other than the one they are accustomed to, worms and parasites will be less 
pathogenic or not as prevalent. By alternating the usage of grazing land among species, 
the worm population cannot fully take hold due to the absence of viable hosts. It is 
recommended that species are rotated every 2 to 6 months and anthelmintics are 
sometimes given during rotation (Waller 2006). 
 
By mixing sheep with cattle in grazing lands, additional benefits may be seen in the 
overall makeup of the plant population. Sheep and cattle, each has their own 
preferences of the types of plants or grasses they will eat, so by effective rotation of 
species, diversity in plant populations can be maintained without allowing any single 
plant or group of plants from either being wiped out or taken over (Putfarken et al. 
2008). In addition, the Höltigbaum Nature Reserve has practiced co-grazing of cattle 
and sheep for many years and biodiversity has remained high with the added benefit 
that some endangered species have recovered. By utilizing proper and well managed 
co-grazing techniques, large areas of land can be defoliated, while remaining viable 
grazing lands at the same time (Putfarken et al. 2008). 
 
2.8.4 Co-grazing pigs and cattle 
 
Gastrointestinal nematode infection is a major problem for cattle farmers, with first 
season heifers being particularly vulnerable to the parasites. Organic farms have been 
trying to find a way to reduce these infections and it appears that co-grazing the heifers 
with nose-ringed sows may be the answer. The benefit was seen when the pigs were 
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allowed to graze on the same land as the heifers. The pigs would consume the grass 
around the cow droppings and, as a result, consume nematode eggs and larvae. It was 
believed, and research has proven, that the eggs and larvae are killed while passing 
through the pig’s digestive system (Steenhard et al. 2001). 
 
With fewer eggs and larvae in the environment, further transmission of these parasites 
into the first season heifers was markedly reduced.  The larvae and eggs of Ostertagia 
ostertagi (brown stomach worm) and Cooperia oncophora (intestinal worm) species of 
bovine nematodes were studied for this research, proving once again that effective co-
grazing can provide many benefits to farm management. 
 
2.8.5 Co-grazing kangaroos, sheep, and goats  
 
When co-grazing various species, their behaviour during periods of drought or food 
scarcity must be considered. For instance, a study done using the data obtained from 
sheep on Fowler’s Gap determined that during periods of dryness where food becomes 
scarce, the sheep would begin to consume more shrubs than grass. Even relatively 
small changes in the available grass resulted in large changes in the sheep’s diet 
(Dawson & Ellis 1996).  
 
A study by Dawson & Ellis (1996) focused on hill kangaroos (Macropus robustus) and it 
was found that the impact on their diet was not as severe. Rather than trying to find 
other sources of food as the drought persisted, the hill kangaroos merely attempted to 
eat more grass despite already having a very high dietary preference for grass in the 
first place. They did not, as expected, attempt to supplement their diet with shrubs. Red 
kangaroos, however, did not exhibit this behaviour, and in fact, were predicted to begin 
consuming more shrubs despite their high dietary preference for grass. 
 
While the drought continued, both the sheep and the red kangaroos continued to 
supplement their diet with the available shrubs. Shrubs serve as a good reserve of 
nutrients and water during dry periods, but they do not replenish as quickly as grass. If 
sheep are allowed to remain in shrublands during a drought, they would remove all of 
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the chenopod shrubs (Moore 1962). Due to the slow regeneration period of shrubs, they 
may not fully recover between the time that the current drought ends and the next one 
begins this leads to future food shortages.  
 
2.9 The case study of trans-inoculation 
 
During the mid-20th century, research was conducted to study the benefits of trans-
inoculation on calves, particularly in an effort to improve their nutrition (Hibbs & Conrad 
1958; Noller et al. 1962; Pounden & Hibbs 1948). Fibrolytic ruminal inoculants were 
introduced into the rumen of the calves to aid the digestion of plant fibre, but there was 
no evidence that an improvement in digestion was achieved (Hungate 1966). However, 
it was found that rumen function was changed, but in ways that were unexpected. It was 
found that calves that had been inoculated were able to make a faster transition from 
milk to a hay starter feed. 
 
In further studies, fibrolytic bacteria were introduced into the rumen for two weeks in an 
attempt to improve fibre digestion. In order to help preserve the bacteria during the 
introduction, the calves were placed on a diet high in purified cellulose (Dehority & 
Tirabasso 1998). However, despite the successful introduction and preservation of the 
fibrolytic bacteria, the rumen did not demonstrate any remarkable increase in the ability 
to digest lucerne cellulose (Krause et al. 2001a). 
 
The challenge to assist fibre digestion has generated interest in the application of 
genetically modified bacteria in the hope of obtaining superior fibre-degrading abilities. 
The rumen primarily contains the bacteria that belong to the genera Ruminococcus and 
Fibrobacter, which are unable to produce additional compounds that properly digest 
crystalline cellulose. Therefore, any introduction of genetically modified strains that can 
digest crystalline cellulose would go a long way in improving the digestive functions of 
the rumen, allowing for a more diverse diet. Attempts to introduce genetically modified 
transformation of B. fibrisolvens with fungal xylanase have been considered 
unsuccessful due to the inability of these strains to compete with the natural 
Ruminococcus and Fibrobacter bacteria that are already present in the rumen (Gobius 
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et al. 2002). An interesting report of cellulose degradation by Clostridium 
phytofermentans showed that a single endo-processive GH9 cellulase was a requisite 
for cellulose degradation (Tolonen et al. 2009). Dependence upon a single key 
hydrolase for a functional degradative system is rare and questions the classical 
synergy model as cellulase systems involved the consortium of multiple enzymes from 
numerous microorganisms. Collectively, more research to maximize plant cell wall 
degradation still needs to be carried out in order to enhance fibre digestion. 
 
2.10 Mechanism of microbial transfer 
 
Although the natural establishment of microbes in the rumen is of interest from both 
physiological and ecological points of view, little is known about the transfer of 
anaerobic symbiotic rumen microorganisms among hosts of the same or different 
species to reach adequate ruminal fermentation. Knowledge of the surrounding factors, 
such as air, water, and soil, offer a starting point for the evaluation of the mechanism 
involved in the development of the rumen ecosystem. 
 
This sub-topic elucidates the natural occurrence for the state of mechanism involved in 
microbial trans-inoculation, whereas each mechanism through the medium of air, water, 
and soil is seen as existing in relation to each other, and continually developing in and 
through such relations, so as to form various forces that generate further effect towards 
some sense of momentum in trans-inoculation.  
 
2.10.1 Microbial transfer by air 
 
Air naturally contains a suspension of airborne particles that include a minute scale of 
microorganisms, which form bioaerosol. The formation of a microbe-rich bioaerosol 
produces droplets which are ejected by bursting bubbles (Blanchard & Syzdek 1970), 
mixing with the microbial concentration at the air-water interface. This finally surpasses 
the surface concentration by orders of magnitude (MacIntyre 1974). On the other hand, 
salty water is able to eject droplets by jet and film-forming mechanisms (Blanchard & 
Syzdek 1970). The phenomenon of a sea bubble begins when a liquid mass, such as 
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spray, crests of unstable waves, splash-drops, or precipitation falls into the sea, creating 
an air entrapment, which later rises to the surface in the form of bubbles of a large 
variety of sizes (Blanchard & Woodcock 1957; Wu 1994). Each bubble, as it reaches 
the surface, develops a thin spherical film-cap and instantly bursts and shoots out the 
fragment of the film through the air, causing the emergence of narrow jet droplets. The 
rising of the unstable jet disintegrates instantly into four or five drops. The highest drops 
could rise many times compared to the original bubble diameter (Day 1964; Wu 1994).  
 
The collapsing jet and/or the shattered bubble-film fall again to the sea and some parts 
of the remainder evaporate during their short airborne lifetimes, becoming a small, 
lightweight fraction in the atmosphere, but rich with large airborne particles, (Leck & 
Bigg 2005). These evaporated droplets then transport the bacteria in aerosol form with 
air masses over long distances. Bioaerosols could also be generated from human 
activities, such as land spreading of slurries, pressurized spray irrigation events, and 
aeration basins at wastewater treatment plants. The spread of the bioaerosol could be 
as individual or groups of cells, or associated with inorganic or organic particulate 
matter from dry surfaces (e.g., feedlots, soils, plants) or dry manures that occupy the 
land (Cambra-López et al. 2010). Combinations of physical factors (size and 
composition of droplets) and environmental factors (sunlight intensity, air temperature, 
and humidity) determine the viability of bacteria in the air.  
 
Nonetheless, airborne microorganisms may experience several detrimental limiting 
conditions. Ultraviolet radiation, as well as oxygen, causes the death of airborne, 
vegetative cells (Krinsky 1974). Additionally, destructive germicidal effects may also 
occur due to temperature change and relative humidity (Mohr 2007). Some 
microorganisms, however, seem to survive long-range airborne transport even though 
subjected to rigorous conditions. Above all, cells containing carotenoid pigments, and 
bacterial and fungal spores, manage to adopt the airborne state. In fact, a long-range of 
transport for airborne microorganisms was documented for Bacillus endospores that are 
capable of travelling 1800 km, the distance from near the Black Sea to Sweden 




2.10.2 Microbial transfer by water 
 
If microbes can tolerate the harsh environment in a bioaerosol state; water, which is 
located in compartments within the inhomogeneous structure of food products, would be 
an apparent vector for microbial transportation. Moreover, potentially increased growth 
and survival of microorganisms are possible when these water-filled compartments 
create an environment with a higher local water activity, which is one of the indicators 
for how well microorganisms can survive and grow (Dong 2002). As microbes require 
water for most enzymatic activities and growth, the water itself indirectly influences the 
stability and shelf-life of food products. Water distribution in food products is determined 
by the food microstructure itself and, therefore, the manipulation of several factors, such 
as pH and salt content, mobility of water, protein content and its availability for 
biochemical reactions, could alter the final state of water distribution (Mathlouthi 2001). 
 
When microbes are present in a larger water volume, the theory of Brownian motion is 
applied. Brownian motion was initially described in 1827 by biologist Robert Brown, who 
observed the movement of several pollen grains that constantly changed their direction 
randomly at variable speeds. It has been demonstrated that fluctuations for microbial 
mobility are essential to the biological function of life (Yanagida et al. 2007). The 
importance of the way in which Brownian motion influences bacterial mobility is well 
emphasized and the discussion pertaining to the swimming trajectory of peritrichous 
flagellated Escherichia coli is strongly induced by Brownian motion (Berg 1993). 
Furthermore, a computational simulation of all gathered data has shown that rotational 
Brownian motion significantly aids singly-flagellated marine bacteria to be able to stay 
with falling marine snow particles, which are rich in nutrients (Jackson 1989; Luchsinger 
et al. 1999). 
 
Despite its apparent inconsistency, and deviation of swimming trajectory caused by 
collisions between microbes and surrounding water molecules, Brownian motion always 
works together with hydrodynamic interaction to give a stronger momentum effect for 
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microbial mobility (Goto et al. 2005; Lauga et al. 2006). The additional support for the 
mechanism of hydrodynamic interaction lies within a few micrometres from the 
boundary surface by exerting more drag on any moving micro-sized object compared to 
one further away (Li et al. 2011; Li & Tang 2009). It was described in the movement of 
mutant Caulobacter crescentus that does not express pilus from observations near a 
glass surface via dark-field microscopy which showed typical circular trajectories, similar 
to E. coli and Vibrio alginolyticus when swimming near a surface (Li et al. 2008). 
 
2.10.3 Microbial transfer by soil 
 
It was estimated that there are 60,000 different bacterial species, averaging at more 
than a billion microorganisms of bacteria in 1g of soil. Each bacterial species possesses 
its own specific roles and capabilities. However, most bacteria have not even been 
systematically named by taxonomical identification methods (Hwang et al. 2012). The 
bacterial biomass is the major constituent of the biofilm among other microorganisms 
with an optimal size (0.5 μm to 2.0 μm in diameter), which is well suited to fit in the 
range of colloidal particles (Hori & Matsumoto 2010). 
 
The vast and varied casts of microorganisms dispersed in soil depend on soil porosity 
with coarse soil having greater potential for microbial movement due to the larger pore 
size compared to fine soil (Bitton et al. 1974; Hansel et al. 2008). In relation to pore 
size, the effective ability of a microorganism to move depends on its diameter against 
soil pore size.    
 
In addition, as some water does exist in soil pores, one may not forget that Brownian 
motion or microorganism motility itself may also affect the rate of movement (Bonilla et 
al. 2007; Griffin & Quail 1968). However, an inadequate amount of water in the soil, 
even under the so-called optimal soil moisture conditions at approximately 50% water 
filled, does not sufficiently enhance microbial mobility (Mills 2003). Nevertheless, lower 
water content in soil reduces nutrient availability to most bacteria (Fierer et al. 2003; 
Treves et al. 2003). Although water affects the dispersal of soil microorganism, the 
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major influence of surface charge on soil particles that leads to adherence of 
microorganisms to the soil is another factor that influences microbial movement in soil. 
 
Microbes tend to naturally congregate and develop surface colonization that leads to the 
formation of a three-dimensional biofilm compound, which consists of a highly organized 
layer of matrix-embedded microbial populations. Biofilms enhance the survivability of 
microbes in hostile environments through the establishment of constructively durable 
locations, eventually promoting further dispersal of microbes for the colonization of new 
niches (Duval & Gaboriaud 2010). When considering bacterial adhesion, there are two 
features to focus on: van der Waals forces and Derjaguin, Verwey, Landau, and 
Overbeek (DVLO) forces. DVLO theory summarizes the net interaction between a cell 
and a surface as a balance between van der Waals interactions (attractive) and 
repulsion interactions that occur from overlapping charges between the electrical double 
layer and the particle surface of the cell (repulsion due to negative charges of the cells) 
(Hermansson 1999). This kind of adhesion often exists in a reversible state, whereby a 
continuous exchange occurs between free and adhered cells. 
 
Therefore, irreversible adhesion takes place when the reversibly adsorbed cells remain 
immobilised or some bacteria with physical appendages like flagella, fimbriae, and pili 
surmount the physical repulsive forces of the electrical double layer for motility in order 
to survive (Garrett et al. 2008). An impaired mutant bacterial soil species, named 
Bradyrhizobium japonicum, which has only sub-polar flagella, but no lateral flagella, is 
still able to swim in a similar way to the wild type which has both kinds of flagellae in the 
establishment of biofilm on soil (Covelli et al. 2012). 
 
2.11 Next generation sequencing: pyrosequencing empowered with QIIME 
pipeline  
 
The coexistence of a vast and diverse microbial community with the host animal 
displays an advanced form of symbiosis that both benefit from. The animal provides the 
microbes with all they need to survive and in return, the microbes provide their host with 
digestive benefits. However, most of the ruminal microbes are anaerobic biotrophs, 
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which show physiological and cellular complexities that complicate the study of isolation 
and biological cultivation, as well as their identification. 
 
The employment of Sanger sequencing was aimed at identifying each species of 
bacteria within the rumen bacterial community, based on the highly preserved 16s rRNA 
gene. In order to sequence the gene, a bacterial cloning step had to be established to 
separate the mixed genes of rumen microbes, as Sanger sequencing cannot sequence 
a mixture of different genes, within the same aqueous reaction (Bubnoff 2008; Spratt 
2004). However, it is impossible to develop a complete bacterial cloning library from 
rumen fluid (RF) samples that contain an enormous microbe count, plus uncultivable 
species that exist dependently by the presence of other species. Another approach to 
sequencing is by real-time PCR that attempts to quantify the abundance of the specific 
microorganism of interest (Tajima et al. 2001). This technique is widely used in rumen 
microbial studies, but the rumen microbial community has not yet been examined 
thoroughly. Another method that is favoured by some researchers to focus on the 
microbial community, is by the use of a denaturing gradient gel electrophoresis (DGGE) 
technique that involves the separation of DNA fragments of the same size.  This 
technique has been used to find or to compare the differences in banding patterns 
within and between samples (gels) (Spratt 2004). DGGE interprets the result by means 
of sample fingerprint patterns, but without knowing precisely all the species present and 
their concentrations within the sample. 
 
Moreover, rumen microbes subsist and perform interconnectivity in whole or 
synergistically, whether between same microbe species or not. Holistic evaluation of 
microbial diversity in a specific environment may lead to precise elaboration of key 
components involved in the synergy. The next generation sequencing, also known as 
pyrosequencing, eliminates the bacterial cloning step and uses instead, sequencing-by-
synthesis (Zhang et al. 2011).  Pyrosequencing constitutes a powerful means of 
describing the whole diversified complexity of the microbial community that resides in a 
particular environment. This kind of high throughput next generation sequencing 
technology, coupled with emerging computational programming pipeline analysis 
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named Quantitative Insights Into Microbial Ecology (QIIME), promises to represent a 
new strategy in the study of the rumen microbial community (Garcia et al. 2011). The 
increasing availability of data gathered by pyrosequencing and followed by QIIME 
computational analysis allows holistic evaluation by taking a step for better 
understanding of microbial communities in the rumen. Computational programming 
holds promise for relating gene functions to habitat distributions and has been used in 
bioinformatics task, especially taxonomic classification of metagenomic data. In addition 
to QIIME, there are other computer programming methods such as METAGENassist 
(Arndt et al. 2012), Grinder (Angly et al. 2012), GAAS (Angly et al. 2009), MEGAN 
(Mitra et al. 2011), and FANTOM (Sanli et al. 2013) which can also be used to explore 
this data.  
 
Thanks to the availability of next generation sequencing and computational approaches, 
the QIIME open source software and its associated technical group is currently making 
major advances in molecular analysis of both the genetic and functional diversity of the 
microbial world. Investigating genetic diversity will supply answers to fundamental 
questions concerning the dynamics of microbial communities in the host animal and by 
using this metagenomics approach together with observational studies will give a strong 
insight into the advantages of co-grazing and its effects on the microbial ecosystem.. In 
this approach, the high-throughput pyrosequencing of a DNA amplicon (e.g., a fragment 
of the microbe 16s rRNA gene) from RF samples allows a thorough description and 
characterization of the microbial community structure. 
 
2.12  Research hypotheses 
 
Better performance of cattle occurs when they are grazed in paddocks with camels. 
This claim came directly from pastoralists’ accounts of an improvement in cattle 
performance when grazed with camels under drought conditions (Philips et al. 2001). 
This could be partly explained by the ‘hypothesis’ of rumen microbe transfer (Jones & 
Lowry 1984; Miller et al. 1996) through shared drinking water sources, or by camels 
breaking higher branches during grazing and leaving a great deal of fresh leaf from 
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those broken branches for co-grazed cattle to feed on. As a point of interest, these 
suggestions are purely speculative and are yet to be experimentally evaluated. The 
experimental analysis focused on: 
 
a) Biochemical characteristics of foregut microbes from both cattle and camels by 
comparing the results of gas production, VFAs, and in vitro dry matter digestibility 
(IVDMD) derived from in vitro fermentation of foregut fluid, followed by     
 
b) Microbial identification by 16s rRNA gene sequencing of foregut microbes from both 
cattle and camels to allow classification of the microbial community structure, which in 
turn, provides data for further statistical evaluation.  
 
Indeed, both biochemical and microbiological analyses are crucial to establish any 
potential benefits of fermentative capacity found in gut contents of camels or cattle 












This experiment was conducted at two study sites located at the Runnymede Station, 
Richmond, North Queensland and at the Meramist Abattoir, Caboolture, South 
Queensland.  
 
In Richmond, two groups of animal were studied:  
 a) Six cattle grazed with camels (co-grazed cattle) and  
 b) Six cattle grazed alone (non co-grazed cattle) 
At the Richmond site, the pasture samples were collected to represent the dominant 
grasses of Mitchell (Astrebla lappacea) and Flinders (Iseilema spp.). Lucerne hay 
(Medicago sativa) was sourced locally and was used in the in vitro biochemical tests.   
 
Meanwhile, in Caboolture, three groups of animal were sampled:   
 a) Six cattle grazed with camels (co-grazed cattle), 
 b) Six camels grazed with cattle (co-grazed camels) and 
 c) Six camels grazed alone (non co-grazed camels). 
Similar samples of grasses and Lucerne hay were used for the biochemical tests. 
 
Each animal group underwent two types of analyses: 
a) Biochemical analysis - to test the in vitro fermentation ability of the foregut fluid (FF), 
and  







3.2 Biochemical analysis 
 
The parameters involved in the biochemical analysis included feed analysis, in vitro 
production of CO2, H2, and CH4 gases, volatile fatty acids (VFAs) production, and in 
vitro dry matter digestibility (IVDMD). All the experimental and analytical procedures in 
this biochemical analysis are discussed in Chapters 4 and 5. The details of each 
parameter and its preparation is explained below.  
 
3.2.1 Feed analysis 
 
3.2.1.1 Pasture sampling 
 
Pasture samples were collected using scissors from 6 randomly allocated quadrats of 
50 cm × 50 cm at the Runnymede Station, Richmond, when grazing commenced. All 
pasture within the quadrats was cut to about 5-10 cm above ground level from each 
plot. The pasture from each quadrat was separated into two types of grass; Mitchell and 
Flinders, as it was the dominant grass species found in the sampling site with an 
approximate ratio of 70:30 of Mitchell:Flinder. Cuts were then fresh weighed for sub-
sample (0.2 kg) and dried at 60 °C until constant weight was achieved (~72 h) in a 
forced fan oven. The samples were then ground to pass through a 1.0-mm sieve for 
proximate and fibre analyses. This analysis included:  dry matter (DM); crude protein 
(CP); neutral detergent fibre (NDF); acid detergent fibre (ADF) and organic matter (OM). 
The ground samples were also applied in all in vitro fermentation analyses of rumen 
fluid. 
 
3.2.1.2 Dry matter and organic matter  
 
Determination of DM content was done by drying feed samples at 65 °C in a fan forced 
oven until a constant weight was reached (Galyean 1980). DM was calculated as shown 





DM content (g/kg) = 1000 x weight of sample after drying (g) 
                                         weight of sample before drying (g)   
 
The determine the organic matter content (OM) (Galyean 1980) the oven dried feed 
samples were combusted in an electric muffle furnace (Carbolite Ltd; Parsons Lane, 
England, UK) at 550°C for approximately 4.5 hr was done for the determination of 
organic matter (OM). The samples were then cooled in a desiccator for 1 h before 
weighing, and OM was calculated as,  
 
OM content (g/kg DM) = 1000 x (sample weight  (g) -  residue after ashing (g))   




An automated Dumas total nitrogen analysis (LECO FP-428; LECO Australia Pty Ltd; 
Castle Hill, NSW, Australia) machine was used for the determination of feed nitrogen 
content. Oven-dried feed was ground to 1 mm and approximately 0.25 g of it was 
combusted at 1100°C. Nitrogen gas was obtained through the reduction of nitrogen 
oxides produced and the total N content was determined by thermal conductivity. 
Nitrogen content (g/kg DM) was calculated as: 
 
N content (g/kg DM) = 1000 x Nitrogen % 
                                                     100 
 
A factor of 6.25 was used to convert the total N to crude protein (CP) (Galyean 1980).  
 
3.2.1.4 Neutral detergent fibre and acid detergent fibre 
 
Ash-free NDF and ash-free ADF determinations, detergent extractions were modified for 
use in the Ankom fibre digestor unit (Ankom Technology; Macedon, NY, USA), and the 
procedures provided in the manual were adhered to. A sealed filter bag containing 0.5 g 
of ground sample was placed into the digestor apparatus. The digestor vessel was then 
added with 4 ml of heat stable alpha-amylase and a mix of neutral detergent solution 
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(NDS, 100 ml per bag) for NDF. For ADF anaysis an acid detergent solution (ADS, 100 
ml per bag) was used, boiled with agitation for 1 hour and the extraction solution was 
then drained. The bags were rinsed with hot water for at least three times with alpha-
amylase included in the first rinse. After removing the bags from the apparatus, they 
were then washed twice in acetone (3 min per wash), followed by air drying. Further 
drying was done at 98°C for 12 hours and the bags were then placed in a desiccator 
prior to weighing. To measure the ash content, the bags were then combusted in an 
electric muffle furnace at 550°C for 2.5 hours. 
 
The ashed samples were then transferred to desiccators and were cooled at room 
temperature for 1 hour before weighing.  The ash free NDF content was calculated as: 
 
Ash free NDF content (g/kg DM) (Galyean 1980) = 
 
1000 (g/kg) x (NDF sample weight after drying (g) - NDF sample weight after ashing (g)) 
Dry matter (g/g) x initial sample weight before drying (g) 
 
The ADF analysis was completed by adding acid detergent solution (ADS, 100 ml per 
bag) to the digestor vessel. The solution was first boiled and agitated for 1 hour, and 
then rinsed three times with hot water. The rest of the procedures were similar to those 
for NDF determination, with ash free ADF content calculated as: 
 
Ash free ADF content (g/kg DM) (Galyean 1980) = 
 
1000(g/kg) x (ADF sample weight after drying (g) - ADF sample weight after ashing (g)) 
Dry matter (g/g) x initial sample weight before drying (g) 
 
3.2.2 In vitro gas production 
 
An analysis of in vitro gas production indicates the extent and the rate of digestion from 
sample incubation. In each experiment, gas production profiles were determined by the 
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pressure transducer technique. The head space gas pressure in each tube was 
recorded at 0, 6, 12, 16, 24, 32, 40, 48, 72, and  96 h of incubation by an electronic 
pressure transducer (180PC Pressure Sensors, Honeywell, USA) connected to  data 
logger software (Pc-Lab2000, Velleman). The gas production data were fitted to the 




Where a= gas production from the immediately soluble fraction, b= gas production from 
the insoluble fraction, c= gas production rate constant for the insoluble fraction (b), 
t=incubation time, (a+b)=the potential extent of gas production, and y=gas produced at 
time “t”.  
 
Test tubes containing 100 mg quantities of feed sample, 1 ml inoculant  either RF (from 
cattle) or 1ml  FF (from camels) was strained through 4 layers of cheesecloth, and 8 ml 
of BM10 media were sealed with rubber stoppers which had been pierced with pressure 
transducer needles. The BM10 was formulated based on Caldwell and Bryant’s (1966) 
study, with the feed samples being the only C-sources included.  
 
The reagents and the chemical constituents of BM10 were 15% mineral solution I (3 g L-
1 K2HPO4), 15% mineral solution II (1g L-1 KH2PO4, 6g L-1 NaCl, 6 g L-1 (NH4)2SO4, 0.8 g 
L-1 CaCl2.2H2O, 1 g L-1 MgCl2.6(H2O), 0.1 g L-1 resazurin, 0.2% (v/v) haemin solution, 
5.6 g L-1 Na2CO3, volatile fatty acids (29.7 mmol L-1 acetic acid, 4 mmol L-1 butyric acid, 
1 mmol L-1 isobutyric acid, 8 mmol L-1 propionic acid 0.9 mmol L-1 valeric acid, 0.9 mmol 
L-1 isovaleric acid, and 0.9 mmol L-1 methyl butyric acid), 2 g L-1 soya peptone, and 0.5 
g L-1 yeast extract. The original BM10 was a medium without RF or FF for non-selective 
enumeration, therefore, modification was made by adding 20 ml of depleted centrifuged 
RF or FF before adjusting the final volume to 1 Litre. Depleted RF or FF was prepared 
by incubating the freshly collected RF or FF at 39 °C for 48 h, and followed by high 




The BM10 was then boiled for 5 min before adding a freshly prepared reducing agent (1 
ml contains equal proportions of cystein-HCl and Na2S.9H2O (2.6 mg of each). The 
medium was then cooled over ice while flushed with CO2 until reduced. The pH of the 
media was adjusted to 6.7 before 8 ml of the media was dispensed into 25 ml test tubes 
containing 100 mg of feed sample. The test tubes were then fitted with a rubber stopper 
and screw cap before they were sterilized by autoclaving at 121 °C, 15 psi for 15 min, 
and then, kept at room temperature until used. Once 1 ml of RF or FF inoculate was 
added, all inoculated test tubes were placed on a shaker with 50 movements per min 
and incubated at 39 °C. 
 
3.2.3 H2, CH4, and CO2 analyses 
 
The concentrations of H2, CH4, and CO2 in the headspace gases produced in the 
culture tubes were also analysed. Samples of 2 ml of gas collected with a gas-tight 
syringe were injected into a gas chromatograph (GC) which was fitted with a packed 
Hayesep Q column (1.8 m x 2.00 mm ID, Valco Instruments Co. Inc., Houston, Texas, 
USA). The temperatures of injector, column, and detector were maintained at 38, 78, 
and 100°C, respectively. Nitrogen carrier gas with a flow rate of 25 ml per minute was 
applied for peak identification and was quantified with calibrated gas standards of 
known composition (Kurekci et al. 2011). 
 
3.2.4 In vitro dry matter digestibility (IVDMD) 
 
In vitro dry matter digestibility (IVDMD) was determined after 48 hours of incubation with 
inocula of RF from cattle co-grazed with camels and cattle grazed alone with the three 
substrates; Mitchell grass, Flinders grass, and lucerne hay. IVDMD  was  calculated  as 
the  difference  between  the  DM  weight  of  the incubated feed  sample  and  the  
weight  of  residue  DM  remaining  at  the  end  of  the  incubation. Residue in each test 
tube was obtained by centrifuging twice at 200 x g for 5 min (4 °C) to separate bacteria 
from feed particles (Abreu et al. 2004), and the residues were washed twice with 
distilled water, centrifuged at 3500 x g for 10 min (4°C), filtered through a sintered glass 





3.2.5 Volatile fatty acids (VFAs) analysis 
 
The evaluation of total and individual VFAs (acetate, propionate, n-butyrate, iso-
butyrate, iso-valerate, and n-valerate) concentrations was undertaken using gas 
chromatography. 1 ml of aliquot was collected from each duplicate culture tube at 0 and 
48 hours of incubation for analysis, centrifuged at 13,000 rpm at 4°C for 15 minutes, 
and 0.5 ml of the supernatant was transferred into 2 ml GC vials. Orthophosphoric acid 
(H3PO4, ≥85%) 10µL (Analar®, England) and 50 µl of an internal standard (11 mM 
methylvaleric acid) were added to each sample prior to analysis on a GC (Shimadzu 
GC-2014, Kyoto, Japan) fitted with an AOC-20i+s auto injector and using a flame 
ionization detector. For separation of VFAs, a Zebron™ ZB-FFAP column 
(Nitroterephthalic acid modified polyethene glycol column, 30 m x 0.53 mm ID, 
Phenomenex, Torrance, California, USA) was used with H2 as carrier gas. The 
temperatures for the detector and the injector were maintained at 230°C and 150°C 
respectively. The column oven temperature was kept at 100°C for 2 minutes and was 
gradually increased by 15°C every minute until reaching 230°C and was maintained at 
this temperature for 2 minutes. Detection of peaks for each sample was integrated by 
GCsolution v 3.30.00 (Shimadzu, Kyoto, Japan). The sum of acetic, propionic, n-butyric, 
iso-butyric, n-valeric, and iso-valeric acids was calculated as total VFAs.   
 
3.2.6 Statistical analysis 
 
The data was analysed using a one-way analysis of variance (ANOVA) with SPSS 
(version 17.0) to quantify the effects of the parameters for RF source and substrate type 
on the VFA and gas production (H2, CO2) capacities. A Tukey’s HSD test at a 5% level 
of significance (Tukey 1949) was applied to all experimental data, to assess statistically 
significant differences. The experimental unit for the statistical analysis was the source 
of inocula (animal). Inoculation was performed in triplicate for each animal and each 
treatment group comprised of 6 animals.  
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3.3 Microbiological analysis 
 
The initial step for microbiological analysis was to obtain the DNA sequence of 16s 
rRNA gene from each RF or FF sample by the 454 pyrosequencing procedure. All of the 
innoculant samples used in pyrosequencing were purely RF or FF without any addition 
of media or feed treatment.    
 
Prior to pyrosequencing, all the RF or FF samples underwent DNA extraction, followed 
by DNA amplification, and finally, DNA purification. The resulting DNA sequenced data 
gained from pyrosequencing were then processed by several algorithms within the 
QIIME platform for data analysis. All of the experimental and analytical procedures in 
this microbiological analysis are further detailed in Chapters 6 and 7. The outline of the 
microbiological procedure is explained below. 
 
 
3.3.1 DNA extraction  
 
An established DNA extraction with a non-ionic detergent protocol, 
cetyltrimethylammonium bromide (CTAB), was used for the extraction of genomic DNA 
from RF (Wright, ADG et al. 1997). Approximately 1.5 ml of RF or FF was centrifuged 
(12,000g) for 5 min in 1.5 ml centrifuge tube that contained 200 mg of silica/zirconium 
beads. The supernatant was removed and 800μl of CTAB isolation buffer (100mM Tris-
HCl, pH8; 1.4M NaCl; 20mM EDTA (sodium salt); 2% hexadecetyltrimethylammonium 
bromide) was added to the pellet left in the 1.5 ml centrifuge tube. This was followed by 
bead beating for 2 min twice with a 2 min rest interval between the first and the second 
bead beating. Incubation at 70°C for 20 min in a water bath followed bead beating, and 
then centrifuged at 10,000 rpm for 10 min. The aqueous phase was transferred to a new 
1.5 ml centrifuge tube that contained 500 μl of phenol/chloroform/isoamyl alcohol 
(25:24:1) and mixed well by vortexing, and then centrifuged at 13,000g for 10 min. 
 
Slowly, 500 μl of the upper aqueous layer was carefully removed and dispensed into 
another 1.5 ml centrifuge tube containing 300 μl of isopropanol. The DNA mix was then 
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precipitated at room temperature for 5 min and centrifuged at 14,000 g for 15 min. The 
nucleic acid pellet attached to the centrifuge tube after the centrifugation. The aqueous 
phase was gently removed and the nucleic acid pellet left in the tube was washed with 
1ml 70% ice-cold ethanol. The pellet was again incubated in a water bath at 70 °C for 
10 min and then centrifuged at 14,000 g for 10 min. Finally, the ethanol was discarded 
and the pellet was air-dried at room temperature for 5 min and mixed with 50 μl of 
DNAase/RNAase free water. To assure a well suspended DNA, a short vortexing was 
done before it was stored at -80 °C or a concentration reading was taken. 
 
The concentration of the extracted DNA was calculated by using the Nanodrop 8000 
Spectrophotometer (ThermoFisher scientific, Australia) as per manufacturer’s 
instructions. Prior to each reading the nanodrop machine was calibrated by running a 
distilled H2O blank at 260 nm absorbance. 2 μl of each sample was aliquoted onto 
nanodrop wells (8 samples concurrently). The absorbance of the double-stranded DNA 
was taken by the Nanodrop and the measurement of concentration in ng/μl was 
displayed by the Nanodrop application system, which was installed in a laboratory 
computer. Purity of the DNA was also measured simultaneously at an absorbance of 
260 nm/280 nm. Purity ranging from 1.7–2.0 indicated an absence of protein 
contaminant. This allowed the free selection of uncontaminated samples which were 
then diluted with sterile dH2O to a final concentration of 10 ng/μl and used for 
subsequent analysis. 
 
3.3.2 DNA amplification 
 
Common 16s rRNA gene primers 341f (Watanabe et al., 2001) and 787r (Allen et al., 
2001) were selected for PCR (Table 3.1). For each sample, a TAG (4 bp of TCAG) and 
unique 10 bp multiplex identifiers sequence (MIDs) were linked to the forward primer 
(341f), while reverse primer (787r) omitted the MIDs (Table 3.1). A final volume of 50 μl 
of PCR reaction mixture was made and it contained the following reagents; 1.25 μl of 10 
μM of Primer 341f-TAG-MID and Primer 787r-TAG, 1.0 μl dNTP mix (10 μM) (Roche, 
Australia), 10 μl high fidelity (HF) Phusion buffer, 0.50 μl HF Phusion polymerase 
(Finnzymes, Australia), and 2 μl of 10 ng/μl (c. 20 ng) of sample genomic DNA. A 
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mastermix was made beforehand with all reagents except for the genomic DNA 
template and the 341f-MID primer, as these contained individual MIDs. The 341f-MID 
primer and DNA template were added individually to PCR tubes only after the 
mastermix was added to each PCR tubes. The samples were shortly vortexed to ensure 
good mixing and were centrifuged briefly before placing them into the thermocycler. 
 
Table 3.1 Primer sequences used for 454 pyrosequencing  
 







TAG TCAG TCAG 










Thermocycling was done in an Eppendorf Mastercycler machine, using Eppendorf cycle 
Manager 1.1.3 software (Eppendorf, North Ryde, Australia). The optimised 
thermocycling conditions were: - Lid preheated to 101 °C, initial denaturation 98 °C for 
30 sec, followed by 30 cycles of: 98 °C for 10 sec, 65°C for 20 sec, 72 °C for 15 sec, 
followed by 72 °C for 10 min as the final extension step, and cooling or preserved step 
at 12 °C for 5 min.  
 
3.3.3 DNA band excision 
 
In addition, purification of DNA was completed by loading the amplification products in 
2% agarose gel and by running the electrophoresis for 45 min at 100V. Prior to 
electrophoresis, amplification products were mixed with 5 μl of 6 x loading dye (2 wells 
per sample), and subsequently after the 45 min electrophoresis running time, the gels 
were stained with Gel Red (3 x’s Jomar Bioscience, Kensington, Austra lia) and were 
visualized under UV to seek the expected amplicon size of ~ 600 bp.       
 
The bands of DNA fragments were then excised using GelX 6.5 excision tips (Cleaver 
Scientific, Rugby, UK) and were purified using QIAGEN gel purification kit (QIAquick 
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PCR Purification Kit, QIAGEN, Pty Ltd, Doncaster, Australia), based on the manual 
provided by the manufacturer, with a slight modification of the final elution in 30 μl of 
elution buffer instead of the recommended 50 μl. 
 
A 2 μl purified DNA sample was quantified using a Qubit™ fluorometer (Invitrogen, 
Thornton, NSW, Australia). The calibration of two DNA standards (0.2 ng/μl and 100 
ng/μl) using the dsDNA settings completed prior to the quantification readings being 
taken. The samples were then diluted into 1:200 working solutions, which reacted as 
quantitation buffer (2 μl PCR product, 198 μl 1:200 working solution), incubated for 2 
min, and then was placed in the Qubit and the QF value was recorded. The calculation 
of the original sample concentration was done, as in the following: 
                                  Concentration of sample (μg/ml) = QF value x (200/2) 
 




A final volume of 30 μl containing approximately 300 ng of PCR product was sent to the 
Australian Genomic Research Facility (AGRF) at The University of Queensland for 
pyrosequencing, whereby the following methods were undertaken. Amplicons were 
pooled in equimolar amounts before running emulsion PCR as per manufacturer’s 
instructions. The pyrosequencing machine (Roche 454 Genome Sequencer FLX; Roche 
Diagnostics Corporation, Mannheim, Germany) was used for sequencing all the 
amplicon. The data were returned in an unaltered format as standard flowgram files (.sff 
files).   
 
3.3.5 Data analyses 
 
The standard flowgram files (.sff files) were put through a sequence of steps with 
computational programming language or algorithms built into the QIIMEs (Quantitative 
Insights Into Microbial Ecology) open source software (Caporaso et al. 2010b). Raw 
data of .sff files were first converted to sff.txt files as a pre-requirement for denoising. A 
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computational programming language named python script (denoise.py) was used as a 
denoising process within QIIME using default settings. Denoising ensures the removal 
of unwanted or over-inflated data and this step has been shown to reduce the number 
of OTUs (Quince et al. 2011). The resulting denoised data was then converted into 
FastA files (.fna or. fasta) and quality score files (.qual files) for sequence quality 
assessment. The following step was the de-convolution of data into individual samples 
by barcode identification as the samples had been previously pooled together. Also, in 
this step, the filtering sequences were set at a minimum of 250 bp and a maximum of 
600 bp in length, together with the removal of low quality score, sequences with long 
strings of homopolymers (greater than 6), forward priming sequences, and faulty 
barcodes.  
 
Operational Taxonomy Units (OTUs) with similar sequences were then grouped 
together. The sequence of full length 16S rRNA gene was appointed to species level 
when a threshold of 97% sequence similarity was used for defining OTUs. As the 
maximum length of 600bp that was set in this analysis was partial length, this threshold 
was more likely to represent genus level (Stackebrandt & Goebel 1994). 
 
Furthermore, a greengenes nominated core set (http://greengenes.lbl.gov/) was used 
for sequenced alignment (DeSantis et al. 2006) with the alignment method from 
PyNAST (Caporaso et al. 2010a), followed by removal of chimeric sequences from the 
alignment using ChimerSlayer, and finally, assigned to a taxonomic classification using 
the Ribosomal Database Project (Cole et al. 2009) as the reference database.  
 
Graphically illustrated stacked bar graph summarization of taxonomic classifications 
was done as a percent composition of the total community for each sample. 
 
Alpha diversity indices, that measured the diversity within the sample, were calculated 
as Chao1, which measured species richness (Chao 1984), and Observed Species, 




In order to measure the diversity between samples, beta diversity metrics of weighted 
UniFrac was applied to investigate the degree of relationships between the sequenced 
samples. Principal Coordinate analysis (PCoA) plots were then generated as the 
outcome.  
 
Statistical analysis was carried out using an ANOVA that is built in QIIME which 
identified the OTUs of significance (P≤0.05) based on animal grouping so that unique 
OTUs were revealed. 
 
3.4 Background of samples 
 
 
All sampling procedures were conducted in accordance with the guidelines of the 
Australian Code of Practice for the Care and Use of Animals for Scientific Purposes and 




3.4.1 Richmond site 
 
Investigations were carried out using rumen fluid (RF) samples from 12 Brahman cross 
steers from two groups of animals, one co-grazed with camels (n=6) and one grazed 
alone (n=6) from the Runnymede Cattle Station in northern Queensland (north-west of 
Richmond, lat 20.73 long 143.14), Australia.  Both groups of steers were of the same 
genotype and age (approximately 2 years old) and weighed between 250-350 kg, the 
rumen contents were collected via stomach tube. The sampling was carried out on 27th 
November 2009 with a recorded maximum ambient temperature of 38.5 °C.  
 
The two groups of cattle grazed in separate paddocks with a livestock free zone 
between their paddocks. The approximate distance between the two paddocks was 
more than 3 km in width. The pasture in the paddocks grazed by both groups was 
similar to curly Mitchell grass and Flinders grass, which were the dominant grasses, 
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prickly acacia (Acacia nilotica), whitewood (Atalaya hemiglauca), and several other 
species of eucalyptus being the common browse.      
 
All cattle for both groups were deprived of pasture for approximately 16 hours prior to 
sampling. The camel to cattle ratio was normally 1:49. The exact number of animals in 
the shared paddock was 700 (14 camels and 686 steers). The ratio was considered 
adequate for microbial transfer to occur. The low number of camels was also to avoid 
potential aggressive interaction between camels and cattle in the paddock. 
 
Rumen content was filtered through two layers of cheesecloth. This RF was then added 
to serum bottles containing a pre-reduced glycerol-based cryoprotectant to a final mix of 
1:1 v/v, frozen immediately, and transported to the laboratory. The glycerol based 
cryoprotectant contained (per 100 ml) 50 ml H2O, 50 ml glycerol, 0.5 g yeast extract, 0.1 
ml resazurine, and 20 mg cysteine-HCl. Glycerol preservation before freezing has been 
proposed as a reference method for storing microbiological samples (Gibson & Khoury 
1986; Teather 1982). A sub-sample of the filtered RF was added to a 45 mL Falcon 
tube without cryoprotectant for further DNA analysis (section 6.2.1). 
 
3.4.2 Caboolture site 
 
Investigations were carried out at the Meramist Abattoir in Caboolture, (South-East 
Queensland, lat 27.10 long 152.95) Queensland, Australia using foregut fluid (FF) 
samples from camels co-grazed with cattle, camels grazed alone, and cattle co-grazed 
with camels. Each group of animals was destined for meat processing. The samples of 
RF (from cattle) and FF (from camels) were collected from six Brahman cross cattle that 
were co-grazed with camels, and which weighed approximately 350-400 kg. For both 
camels co-grazed with cattle and camels grazed alone, six animals from each group 
were sampled. All camels were of the same type (Camelus dromedarius) and weighed 
between 540-600 kg. Camels grazed alone were harvested from the feral population of 
the central desert of Australia. All foregut contents were collected post mortem at the 
Meramist abattoir within 15 minutes of slaughter. All animal were deprived of feed for 
approximately 24 h prior to slaughter and allowed access to fresh water. The sampling 
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was conducted on 25th October 2011 with recorded maximum weather temperature of 
28.6 °C.  
 
All animals previously had free access to native pastures with the dominant grasses 
being curly Mitchell grass and Flinders grass. The common browse species in the area 
included; prickly acacia (Acacia nilotica), whitewood (Atalaya hemiglauca), and several 
other species of eucalypt. These pastures shared similar grazing condition to those 
described in the Richmond site.   
 
The groups of camels co-grazed with cattle and cattle co-grazed with camels were kept 
together in the Northern Territory for about a year in a paddock of approximately 8.0 
km2. The camel to cattle ratio was 1:14. Upon arrival at the Meramist abattoir, those 
groups of camels co-grazed with cattle and cattle co-grazed with camels were allowed 
five weeks to recover from transport stress and to gain condition before processing. 
Camels and cattle were separated by wire fencing that kept them apart but in proximity 
to each other even though both camels and cattle had grazed together on the Northern 
Queensland pastures. This separation was imposed for easy handling before slaughter. 
The other group of camels (camels grazed alone) were captured from a feral colony and 
had no contact with cattle. While at Meramist, the grazed alone camels were kept in a 
separate paddock without the presence of cattle, either in the same or a nearby 
paddock for about a week before slaughtering. The paddock pasture consisted of local 
grasses, which were a mix of Microlaena stipoides and Dichanthium sericeum as the 
only feed resource for all the animals in the Meramist paddocks during the holding 
period before slaughter.  
 
All RF and FF was collected post mortem and was filtered through four layers of 
cheesecloth.  The 1ml sampel of the filtered RF or FF was then inoculated into 8 ml of 
BM10 that had been previously dispensed into 25 ml Hungate test tubes containing 100 
mg air dry of either curly Mitchell grass (Astrebla lappacea), or Lucerne hay (Medicago 






Effects of inocula from cattle co-grazed with camels or grazed alone in northern 





The objective of this experiment was to examine the biochemical characteristics of 
rumen fluid (RF) obtained from cattle co-grazed with camels and to compare them with 
that obtained from cattle grazed alone under the same conditions. Cattle of both herds 
were of the same genotype and age.  Investigations into in vitro gas, volatile fatty acids 
(VFAs) production, and dry matter digestibility were carried out using RF samples from 
six cattle co-grazed with camels and six cattle grazed alone from the Runnymede cattle 
station in northern Queensland (north-west of Richmond, lat 20.73 long 143.14), 
Australia. 
 
4.2 Materials and methods  
 
The sampling was carried out on 27th November 2009 with recorded maximum ambient 
temperature of 38.5 °C. All procedures were adhered to in accordance with the 
guidelines of the Australian Code of Practice for the Care and Use of Animals for 
Scientific Purposes and were reviewed and approved by the University of Queensland 
Animal Ethics Committee (SLAFS/SAS/944/08/MLA). 
 
4.2.1  Animals 
 
The two groups of cattle grazed in separate paddocks with a livestock free zone 
between their paddocks. The approximate distance between the two paddocks was 
more than 3 km in width. The pasture in the paddocks grazed by both groups was 
similar with curly Mitchell grass and Flinders grass being the dominant grasses; prickly 
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acacia (Acacia nilotica), whitewood (Atalaya hemiglauca), and several other species of 
eucalypt were the common browse.      
 
4.2.2 Sampling  
 
Rumen contents were collected from 12 Brahman cross steers, approximately 2 years 
old and weighed between 250-350 kg. Six of these cattle were co-grazed with camels 
and six grazed alone. Rumen contents were collected via stomach tube. All cattle for 
both groups were deprived of pasture for approximately 16 hours prior to sampling. The 
camels to cattle ratio was normally 1:49. The exact number of animals in the paddock 
was 700 animals, consisting of 14 camels and 686 steers. The camels were kept within 
that minimum number for the purpose of weed and bush control as the camels were 
able to reach higher, more palatable leaves and break branches of trees, such as 
Acacia aneura and bigger shrubs. The co-grazed cattle usually consumed these higher 
leaves from the freshly broken branches as one of the feed sources. Camels and cattle 
display different feeding behaviour. While cattle graze on the ground, camels for most 
parts of the year browse on shrubs and trees. Thus, the ratio had been considered as 
adequate to allow microbial transfer between species. Furthermore, the low number of 
camels was designed to avoid aggressive interaction between both camels and cattle in 
the paddock. 
 
Collected rumen content was filtered through two layers of cheesecloth. The filtered RF 
was added to serum bottles containing a pre-reduced glycerol-based cryoprotectant to a 
final mix of 1:1 v/v, frozen immediately and transported to the laboratory. The glycerol 
based cryoprotectant contained (per 100 ml) 50 ml H2O, 50 ml glycerol, 0.5 g yeast 
extract, 0.1 ml resazurine, and 20 mg cysteine-HCl. Glycerol preservation before 
freezing has been proposed as a reference method for storing microbiological samples 
(Gibson & Khoury 1986; Teather 1982). A sub-sample of the filtered RF was added to a 





4.2.3 Media preparation 
 
At the laboratory, the basal medium 10 (BM10) was prepared with 20 % centrifuged 
depleted RF. Eight ml of the medium was dispensed under CO2 into 25 ml test tubes 
containing 100 mg of either curly Mitchell grass (Astrebla lappacea), Flinders grass 
(Iseilema spp.), or lucerne (Medicago sativa). All forage was ground to pass through a 
1mm screen. The tubes were then sealed with rubber stoppers and a plastic screw cap. 
The BM10 contained organic and inorganic sources of nitrogen, including soya peptone, 
yeast extract, haemin, and ammonium sulphate at levels adequate to support optimal 
microbial growth (Caldwell & Bryant 1966).  
 
One ml of the preserved RF representing each animal was used to inoculate each of the 
test tubes in triplicate before they were incubated in a shaking incubator at 39 °C for 48 
hours. Before incubation, the frozen RF samples were thawed in a 39 °C water bath for 
2 min (Prates et al. 2010). Gas production was measured at 0, 6, 12, 16, 24, 32, 40, and 
48 hours.  
 
Later, a second fermentation test was carried out, on Mitchell grass only, by using 
inocula of pooled rumen fluid samples of cattle co-grazed with camels and cattle grazed 
alone. The incubation period was extended to 96 hours and gas production was 
measured at 0, 48, 72, and 96 hours of incubation. Tests were carried out in triplicate.  
 
4.2.4 Analyses of fermentation products 
 
Full details of the methods used and preparations of samples for the fermentation study 
that were included in the chemical analysis of feed, gas production, H2, CO2, CH4, 










4.3.1 Chemical composition of the feeds 
 
Both Mitchell and Flinders grasses were harvested at a late stage of growth, as 
reflected by the high levels of cell wall constituents (i.e. NDF and ADF) and low levels of 
crude protein (Table 4.1). Moreover, sampling of the native grasses was collected at the 
end of the dry season between October and December 2009.  In contrast, good quality 
lucerne hay harvested at the early bloom stage was used, therefore, the composition of 
the native grasses (Mitchell and Flinders) varied considerably from that of the Lucerne 
hay. 
 
Table 4.1 Compositions of Mitchell grass (n=6), Flinders grass (n=6), and lucerne hay (n=6) 
(g/kg DM).     
 
*OM : organic matter ; CP : crude protein (N X 6.25) ; NDF : neutral detergent fibre exclusive of 
the ash ; ADF : acid detergent fibre exclusive of the ash 
 
4.3.2 Gas production 
 
The characteristics of gas production for cattle co-grazed with camels and for cattle 
grazed alone were measured as an indication of digestion rate for three forage types, 
which were Lucerne hay, Mitchell grass, and Flinders grass at 0, 6, 12, 16, 24, 32, 40, 
and 48 h (Figures 4.1, 4.2, and 4.3 respectively). At 48 hours of incubation, inocula from 
cattle co-grazed with camels produced significantly more gas (P<0.05) from Mitchell 
grass compared to that from cattle grazed alone (Figure 4.2). In contrast, no significant 
difference was observed at any time for the treatment of Lucerne hay and Flinders 
grass. It was observed that gas production at 0 hour incubation showed some readings 










OM 877 (870-887) 873 (869-878) 915 (909-918) 
CP  25 (21-31) 24 (19-26) 188 (179-190) 
NDF  659 (653-662) 618 (613-620) 444 (438-447) 
ADF  419 (415-422) 430 (427-435) 307 (303-312) 
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each sampling tube was autoclaved for sterilization before incubation began and the 
high temperature of 121 °C during sterilization might have produced some volume of 
gas. The medium was dispensed and the tubes were capped while under CO2.  
 
Additional gas production measurements were carried out using pooled RF samples 
with the incubation time extended to 96 h. Gas production was higher with Mitchell 
grass for cattle co-grazed with camels (Figure 4.4). The pooled RF samples 
representing cattle co-grazed with camels showed higher gas production (P<0.05) at 
72h of incubation. At 72h of incubation, the gas volume reached 40.1 ml/100 mg feed 
for co-grazed cattle compared to 31.0 ml/100 mg feed for cattle grazed alone. 
 
Generally, gas production increased from the initial hour of incubation for all treatments 
(Figures 4.1, 4.2, and 4.3). However, cattle co-grazed with camels still produced more 
gas among all treatments with a reading of 41.2 ml/100 mg feed, while the lowest 
reading was shown by cattle grazed alone on the Flinders grass treatment (Figure 4.3) 
with a reading of 28.7 ml/100 mg feed at 48 h incubation. 
 
4.3.3 H2, CO2, and IVDMD 
 
H2 and CO2 were recorded at the end of the incubation period (48h) and were 
expressed in µM for each test tube (Table 4.2). Cattle co-grazed with camels produced 
significantly more H2 (P<0.05) on Mitchell grass compared to cattle grazed alone. This 
high level of H2 for co-grazed cattle on Mitchell grass was the highest among all 
treatments. In contrast, cattle grazed alone produced the least H2 on Mitchell grass 
among all treatments. As for CO2 and IVDMD measurements, cattle co-grazed with 
camels gave significantly higher (P<0.05) volumes compared to cattle grazed alone in 
the Mitchell grass treatment.  In vitro dry matter digestibility was higher (P<0.05) by 6.3 
units (36.8 vs 30.5%) for the cattle co-grazed with camels in the Mitchell grass 
treatment. There was no significant difference observed for H2, CO2, and IVDMD 
between cattle co-grazed with camels and cattle grazed alone in the Flinders grass and 




Results for the pooled RF samples obtained either from cattle co-grazed with camels or 
cattle grazed alone in the Mitchell grass treatment, were recorded at the end of 96h of 
incubation (Table 4.3). Cattle co-grazed with camels showed significantly higher 
(P<0.05) values for H2 production and IVDMD compared to cattle grazed alone.   
 
4.3.4 Volatile fatty acids (VFAs) production 
 
The concentration of VFAs (mM) in cultures inoculated by RF from cattle co-grazed with 
camels differed from those of cattle grazed alone, although the effects were varied 
between the substrates. For the Mitchell grass substrate, the concentrations of acetic 
and propionic acids were significantly reduced (P<0.05) after 48 h of incubation, 
whereas the concentration of butyric acid was increased (P<0.05) (Table 4.2). An 
increase in the concentration of butyric acid for cattle co-grazed with camels was also 
higher (P<0.05) compared to cattle grazed alone. Of the minor VFA’s, both isobutyric 
and isovaleric concentrations were also reduced in cattle co-grazed with camels groups.  
 
In the cultures containing the Flinders grass substrate, the concentration of acetic acid 
was lower (P<0.05) in cattle co-grazed with camels compared to cattle grazed alone 
after 48h of incubation with no difference apparent in the other VFAs. With the lucerne 
substrate, the concentration of acetic acid for cattle co-grazed with camels was lower 
(P<0.05), while butyric acid was higher (P<0.05) after 48h of incubation, with no 
difference in the concentration of propionic acid. Except for cattle co-grazed with camels 
in the Lucerne substrate cultures, there was a slight change (P>0.05) in the total 
concentration of VFAs between 0 and 48 h of incubation.  
 
In addition, similar trends were observed when the original samples for cattle co-grazed 
with camels and cattle grazed alone were pooled, and tubes containing the Mitchell 







Figure 4.1. Mean gas production between six cattle co-grazed with camels (solid line) and six 
cattle grazed alone (dash line) from 100 mg Lucerne hay with 1 ml inoculation rumen fluid of 







Figure 4.2. Mean gas production between six cattle co-grazed with camels (solid line) and six 
cattle grazed alone (dash line) from 100 mg Mitchell grass with 1 ml inoculation rumen fluid of 
each animal group. At 48 hours of incubation period, source of inoculum from cattle co-grazed 








Figure 4.3. Mean gas production between six cattle co-grazed with camels (solid line) and six 
cattle grazed alone (dash line) from 100 mg Flinders grass with 1 ml inoculation rumen fluid of 






Figure 4.4. Mean gas production of pooled sample of cattle co-grazed with camels (solid line) 
and cattle grazed alone (dash line) from 100 mg Mitchell grass with 1 ml inoculation rumen fluid 
of each animal group. At 72 hours of incubation period, source of inoculum from cattle co-
grazed with camels begins to produced significantly more gas (p<0.05) from Mitchell grass 





Table 4.2. Concentrations of total and individual volatile fatty acids (VFAs), H2 and CO2 and in vitro dry matter digestibility (IVDMD) of 
Mitchell grass, Flinders grass and Lucerne hay after 48 hours of incubation in 8 ml pre-reduced medium of BM 10 inoculated with 
rumen fluid from cattle co-grazed with camels and cattle grazed alone (n=6 per group). 
 
 Incubation 
time (hr)  


















Acetic acid (mmol/l) 0 19.92 20.22 0.73 21.35 22.17 0.93 24.07 22.06 2.63 
 
48 4.04a 23.74b 3.62 17.60a 27.49b 3.69 5.34a 27.95b 2.86 
           Propionic acid (mmol/l) 0 8.98 9.21 0.41 9.70 10.03 0.47 11.06 10.18 1.17 
 
48 3.63a 8.38b 1.83 6.24 8.92 2.83 9.38 6.19 3.21 
    
       
iso-Butyric acid (mmol/l) 0 1.12 1.15 0.11 1.21 1.27 0.12 1.39 1.29 0.15 
 
48 0.80a 1.17b 0.43 0.97 1.27 0.19 1.18 1.03 0.25 
           n-Butyric acid (mmol/l) 0 4.72 4.88 0.17 5.13 5.30 0.23 5.87 5.39 0.56 
 
48 25.76a 6.87b 3.23 9.98 6.17 3.84 44.20a 4.83b 2.51 
    
       
iso-Valeric acid (mmol/l) 0 2.14 2.20 0.17 2.31 2.42 0.16 2.61 2.41 0.22 
 
48 1.54a 2.28b 0.33 1.93 2.47 0.63 2.24 1.95 0.32 
    
       
n-Valeric acid (mmol/l) 0 1.00 1.01 0.57 1.07 1.12 0.14 1.25 1.14 0.17 
 
48 0.90 1.05 0.16 0.83 1.14 0.38 1.87a 0.88b 0.36 
           Total VFA (mmol/l) 0 37.88 38.65 2.86 40.77 42.32 2.81 46.26 42.47 4.11 
 
48 36.68 43.49 6.85 37.55 47.45 9.97 64.20 a 42.82 b 4.63 
    
       
H2 (μM/100ml) 48 9.0a 3.7b 2.8 6.0 6.4 0.7 8.8 6.8 2.6 
           CO2 (μM/100ml) 48 117.7
a 101.2b 3.8 93.3 102.3 9.2 112.9 111.4 1.8 
    
       
IVDMD (%) 48 36.8a 30.5b 2.5 34.4 35.0 1.2 54.0 52.5 1.7 
 
a, b Means within rows for each type of feed with different letters are significantly different (Tukey, P<0.05).  
 




Table 4.3. Concentrations of total and individual volatile fatty acids (VFAs), H2 and CO2 and in 
vitro dry matter digestibility (IVDMD) of Mitchell grass after 96 hours of incubation in 8 ml pre-
reduced basal medium 10 (BM 10) inoculated with rumen fluid from pooled samples of rumen 











Acetic acid (mmol/l) 0 12.47  11.07  1.53 
 
96 2.00 a 20.22 b  1.92 
    
 
Propionic acid (mmol/l) 0 7.42   6.94  0.57 
 
96 8.66    6.58   2.14 
    
 
iso-Butyric acid (mmol/l) 0 1.23 1.12 0.26 
 
96 1.12 1.14 0.07 
    
 
n-Butyric acid (mmol/l) 0 4.39   4.19   0.22 
 
96 30.27 a    4.81 b  2.64 
    
 
iso-Valeric acid (mmol/l) 0 2.29 2.14 0.26 
 
96 2.16 2.06 0.18 
    
 
n-Valeric acid (mmol/l) 0 1.19 1.02 0.22 
 
96 0.91 0.99 0.12 
    
 
Total VFAs (mmol/l) 0 28.98 26.48 2.75 
 
96 45.12 35.79 9.56 
    
 
H2 (μM/100ml) 96 10.3 a 5.7 b   3.2 
    
 
CO2 (μM/100ml) 96 107.9 112.8 5.4 
    
 
IVDMD (%) 96 34.4 a   28.4 b  4.3 
 
a, b Means within rows with different letters are different (P<0.05). 
 
*Values are the means of triplicates of the pooled samples. 
 










4.4.1 Gas Production and In Vitro Dry Matter Digestibility (IVDMD)  
 
Rumen fluid (RF) from cattle co-grazed with camels showed a higher ability to ferment 
Mitchell grass and produced more gases than RF from cattle grazed alone. Such 
differences must correspond with differences in the microbial community of the rumen 
fluids. Mitchell grass is the dominant grass in the region where the study was conducted 
and any improvement in digestibility of this low quality, matured Mitchell grass in that 
region would improve cattle condition and result in greater economic returns. Higher 
digestibility of Mitchell grass has been reported when the grass was in the early growth 
stage in the first three months of the short growing season (Lorimer 1981). The different 
responses obtained between cattle that were grazed alone and cattle co-grazed with 
camels for each test forage were evident in the results for fermentation end products.  
The production of greater volumes of gas suggests that additional agents in the co-
grazing system have resulted in this favourable change. Nonetheless, it is not known at 
this stage if microorganisms of camel origin have crossed over to cattle because the 
condition of the Mitchell grass in this present study was very fibrous (high in NDF, 66%, 
and ADF, 42%) and low in crude protein (2.5%)  Thus, the increase in gas production 
must have been caused by an increase in the fermentation of the cellulose or 
hemicellulose matter.  
 
Furthermore, the relatively long lag phase observed in the in vitro fermentation system 
used in this experiment (Figures 4.1, 4.2, and 4.3) reflected the use of inocula stored 
frozen below – 80 °C and the relative indigestibility of the fibrous material. Due to the 
long lag phase in this experiment, it was not possible to follow the short incubation 
approach suggested by Blummel and Orskov (1993). The reason for this was because 
some of the microbial organisms became lysed during the lag phase, and therefore, 
longer incubation hours may be needed for effective fermentation. A long duration of 
storage at very low temperatures may reduce the fermentative ability of RF inocula due 
to mechanical damage of cell membranes caused by disruption by ice particle formation 
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(Hervas et al. 2005). Moreover, freezing and thawing are considered to be harmful to 
Gram-negative bacteria, which are predominant in the rumen when the diet of the 
animal is fibre rich (Stewart et al. 1997). A longer fermentation time might also be 
necessary when using a smaller amount of inoculum (Getachew et al. 1998) or when 
microbes are incapable of rapid fermentation (Beuvink & Spoelstra 1992). The concern 
about viability of microbes after thawing does arise, and therefore, the fermentation of 
pooled RF samples from each group of cattle co-grazed with camels and cattle grazed 
alone was carried out. This ‘pooled technique’ was proven to be successful as the 
inoculum from cattle co-grazed with camels produced significantly more gas (P<0.05) 
compared to cattle grazed alone in Mitchell grass treatment (Figure 4.4). 
 
Underestimation of gas production may take place as a consequence of a reduction in 
the number of microbes within the RF during sampling.  As the RF sample was diluted, 
prior to storage, with a glycerol-based cryoprotectant to a final mix of 1:1 v/v this could 
lead to underestimation of the gas volume. Another factor could be that there was a 
high volume of saliva that was harvested rather than microbes as the RF was collected 
by mouth tubing. Bicarbonate (HCO3−) buffer is commonly used for in vitro gas 
production analysis and a shortage of buffer can influence gas production. In this 
present study, HCO3− was replaced with sodium carbonate (Na2CO3) in the incubation 
medium.  
 
The RF of both cattle co-grazed with camels and cattle grazed alone did not show any 
difference in IVDMD, in either Lucerne or Flinders grass treatments (Table 4.2). 
However, in the Mitchell grass treatment, RF from cattle co-grazed with camels 
provided higher IVDMD (P<0.05) compared to cattle grazed alone. This difference in   
IVDMD results between the two experimental groups, even though a similar grass was 
used, suggests that the indigestible components of the cell wall, such as the lignin in 
Mitchell grass, are not limiting factors with respect to IVDMD. Differences in fibrolytic 
organisms within the RF will have evolved in ways that should give cattle co-grazed with 
camels a greater capability to digest Mitchell grass than cattle grazed alone. Forage is 
degraded in the rumen by a combination of mechanical breakage (breaking of fibres 
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during mastication and subsequent rumination) followed by the digestive action of 
microorganisms (Moore, JE & Mott 1973). As the feed samples had been ground into 
particles that would pass a 1 mm screen, some mechanical breakage had been done 
prior to in vitro fermentation.  The action of fibrolytic organisms appears to be the major 
factor that had a significant impact on the outcome, i.e. the improved digestibility that 
arose from the application of co-grazing. 
 
4.4.2 Volatile Fatty Acids (VFAs) Production, H2, CO2, and CH4. 
  
It has been reported that the CP content of Mitchell grass could be as low as 2.6 % 
when mature and dry (Orr 1975). The Mitchell grass used in this experiment contained 
2.5% of CP in DM. This is lower than the better quality roughage available to cattle 
when feeding Mitchell grass during the early stage of growth where it has been shown 
to contain 18.4% of CP in DM (Orr 1975).  
 
The higher level (P<0.05) of n-butyrate and H2 produced by cattle co-grazed with 
camels (Table 4.2) may be partly responsible for the higher gas production in the 
individual  incubation tests after 48h and also for the pooled samples incubation test at 
96h of (Table 4.3). However, in the Lucerne treatment, the high concentration of the 
total VFAs (contributed by higher n-butyric) but minimal differences in IVDMD for cattle 
co-grazed with camels compared to cattle grazed alone, may have been caused by the 
presence of butyric acid producing organisms. It has been suggested that a higher 
population of the Butyrivibrio group of bacteria in cattle co-grazed with camels 
contributed to the higher butyric acid portion. In addition, it has been reported that 
rumen microorganisms cultured from animals that had consumed Lucerne hay, Lucerne 
hay-grain mixture, Lucerne silage, or fresh Lucerne had Butyrivibrio among the most 
numerous organisms present in their RF culture (Bryant & Small 1956).  
 
Beuvink and Spoelstra (1992) reported that the volume of gas produced (H2, CO2, and 
CH4) depends on the amounts of VFAs produced. However, methane was not detected 
in this experiment, possibly because the collection was via stomach tubing, or there 
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may have been the presence of minute amounts of O2 in the fermentation tubes which 
may have exposed the microorganisms to oxygen. As the methanogenic Archaea are 
obligate anaerobes they are very sensitive to oxygen, and therefore, somewhat elusive 
due to technical difficulties encountered in handling them under completely O2-free 
conditions. In spite of this, improvement and optimization of the Hungate method by the 
introduction of a Y-shaped rubber tube, allowing passage of two separate gassing 
needles (one for transferring media and the other to exclude gas from the tube) allows 
the successful culturing of methanogenic Archaea, in which anaerobiosis is required 
(Hungate 1969; Hungate & Macy 1973). In addition, H2 produced with acetate and 
butyrate (lipogenic VFA) during fermentation of carbohydrate and protein (Ellis, JL et al. 
2008). Furthermore, H2 produced as microbial populations utilize amino acids for growth 
(Ellis, JL et al. 2008). This might explain the significantly higher presence of H2 (P<0.05) 
in cattle co-grazed with camels at 48h (Table 4.2) and 96h (Table 4.3) of incubation, 
presumably associated with the potential transfer of Butyrivibrio fibrosolvens from the 
camel to the co-grazed cattle. Butyrivibrio fibrosolvens is a predominant microorganism 
in the camel and is known to be a butyrate producer (Ghali et al. 2011).  
 
Alternatively, the pattern of large amounts of n-butyrate (P<0.05) production, together 
with high H2 (P<0.05) production and significantly low acetic (P<0.05) production by 
cattle co-grazed with camels after 48h of incubation in the Mitchell grass treatment, is 
consistent with the outcomes from other research.  Liu et al (2006) found elevated 
butyric acid and H2, but low acetate production after applying a mutant Clostridium 
tyrobutyricum in a feed batch fermenter. The mutant Clostridia lacked the 
phosphotransacetylase gene (pta) and the acetate kinase gene (ack) that encode two 
important enzymes involved in the metabolic pathway used to form acetic acid from 
acetyl-CoA. The lack of this gene results in a shortening of the Clostridium 
tyrobutyricum fermentation pathway by directing glucose fermentation to butyric acid.  
 
In the cattle co-grazed with camels sample group, the Mitchell grass treatment (Table 
4.2), resulted in higher acetate and lower n-butyrate production at 0h of incubation 
which then shifted to higher n-butyrate and lower acetate after reaching 48h of 
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incubation. This is thought to have occured because of the transformation of acetate to 
n-butyrate. This shift is proposed as the total VFA between 0h and 48h of incubation 
appeared to be slightly different. This phenomenon of acetate to butyrate transformation 
was proposed by Diez-Gonzalez (Diez-Gonzalez et al. 1999). It has been suggested 
that Butyrivibrio fibrisolvens strain 49 does not possess butyrate kinase activity, but 
rather it has a butyryl-CoA/acetate CoA transferase which is able to convert butyryl-CoA 
directly to butyrate using acetate as an acceptor.  
 
Early studies investigating the synthesis of butyrate showed that there is extensive 
interconversion of carbon between the acetate and the butyrate pools in the rumen 
(Bergman et al. 1965; Leng & Brett 1966; Leng & Leonard 1965). The mechanism for 
condensation of acetate into butyrate appears to be via the reversal of β-oxidation of 
fatty acids, which generates 1mol of ATP (Lehninger 1982; Miller & Jenesel 1979). An 
alternative acetate to butyrate conversion pathway, which does not gain any ATP, is the 
carboxylation of acetyl-CoA to malonyl-CoA, and the subsequent reaction of malonyl-




In conclusion, RF from cattle co-grazed with camels in the Mitchell grass treatment 
showed greater ability to digest DM and produced more n-butyrate compared to RF 
from cattle grazed alone. In addition to an effective method of weed control, co-grazing 
camels with cattle could lead to increased meat production from the grazed area. Even 
though frozen RF does compromise the viability of some microbes, the frozen RF used 
in this study still proved to be reliable as set of fermentation using pooled RF showed 
notable gas production (Figure 4.4).  
 
The results reported here warrant a detailed study into the microbiology of the rumen 
contents of cattle co-grazed with camels and cattle grazed alone to examine possible 
differences in the microbial community that contributed to the differences in 





Effects of inocula from camels grazed with cattle, camels grazed alone, and cattle 
grazed with camels on in vitro dry matter digestibility for Mitchell grass and 




The objective of this experiment was to examine the biochemical characteristics of (FF) 
obtained from camels co-grazed with cattle, camels grazed alone, and RF of cattle co-
grazed with camels. Investigations into in vitro gas, volatile fatty acids (VFAs) 
production, and dry matter digestibility were carried out using FF and RF samples from 
six animals of each group processed for meat export at the Meramist Abattoir in 
Caboolture, (south-east Queensland, lat 27.10 long 152.95) Queensland, Australia. 
 
5.2 Materials and methods 
 
The sampling was conducted on 25th October 2011 with a recorded maximum weather 
temperature of 28.6 °C. All procedures were conducted in accordance with the 
guidelines of the Australian Code of Practice for the Care and Use of Animals for 
Scientific Purposes and were reviewed and approved by the University of Queensland 




RFand FF samples were collected from animals post mortem. All animal were brought 
to the Meramist abattoir from the Australian Northern Territory. The animals had free 
grazed native pastures with dominant grasses being curly Mitchell grass and Flinders 
grass. The common browse species in the area included, prickly acacia (Acacia 
nilotica), whitewood (Atalaya hemiglauca), and several other species of eucalypt. These 
pastures had similar grazing conditions as those described in the previous chapter in 
this thesis (see Section 4.2.1).   
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The groups of camels co-grazed with cattle and cattle co-grazed with camels were 
grazed together at the Northern Territory for about a year within the same paddock.  
The estimated the area of the paddock was in excess of 8.0 km2 with a stocking ratio of 
1 camel: 14 steers. Upon arrival at the Meramist abattoir, those groups of camels that 
co-grazed with cattle and cattle co-grazed with camels were placed for approximately 
five weeks in a paddock adjacent to the Meramist slaughter plant before processing. 
Camels and cattle were separated by wire fencing that kept them apart but in proximity 
to each other even though both camels and cattle had grazed together on the Northern 
Queensland pastures. The separation was imposed for easy handling before slaughter. 
The grazed alone camels were mustered from a feral colony, which was far from any 
cattle population. While at Meramist, the grazed alone camels was kept in a separate 
paddock without the presence of cattle either in the same or a nearby paddock for about 
a week before slaughter. The paddock pasture consisted of local grasses, which were a 
mix of Microlaena stipoides and Dichanthium sericeum and this was the only feed 





Rumen fluid (RF) samples were collected from six Brahman cross cattle that were co-
grazed with camels, and which weighed approximately between 350-400 kg. For both 
camels co-grazed with cattle and camels grazed alone, six animals from each group 
were sampled for RF or FF. Camels were of the same type (Camelus dromedarius) as 
those used in the previous experiment and were harvested from the feral population of 
the central desert of Australia. They weighed between 540-600 kg. All foregut contents 
were collected post mortem at the Meramist abattoir within 15 minutes of slaughter. All 
animals were deprived of feed for approximately 24h prior to slaughter and were 
allowed access to fresh water. Rumen or Foregut digesta was filtered with four layers of 
cheesecloth. One ml of filtered RF or FF was added to 8 ml of the medium (Basal 
Medium 10, BM10) and 100 mg of either curly air dried Mitchell grass (Astrebla 
lappacea), or air dried Lucerne hay (Medicago sativa) (ground to pass through a 1mm 
screen) in 25 ml Hungate test tubes.  
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5.2.3 Media preparation 
 
The same standard for BM10 was used in this study as described earlier (section 4.2.3),  
 
One ml of the preserved FF or RF, representing each animal, was used to inoculate 
each of the test tubes before they were incubated in a shaking incubator at 39 °C. Gas 
production was measured at 0, 48, and 96h. Flinders grass (Iseilema spp.) was not 
included in this series of incubation and the incubation time was extended to 96h with 
less sampling during incubation.     
 
5.2.4 Feed analysis 
 
Mitchell grass (Astrebla lappacea) and Lucerne hay (Medicago sativa) samples were 
similar to those used in an earlier study (Chapter 4). The same feed analysis values 
were also applied (section 4.3.1). 
 
5.2.5 Fermentation analysis (In vitro gas production, H2, CH4, CO2, IVDMD, and 
VFAs) 
 
All the preparation and experimental procedures (In vitro gas production, H2, CH4, CO2, 
In vitro dry matter digestibility (IVDMD), volatile fatty acids (VFAs) analysis, and 




5.3.1 Gas production  
 
The characteristics of gas production for camels co-grazed with cattle, cattle co-grazed 
with camels, and camels grazed alone were measured by digesting two types of 
forage;Lucerne hay and Mitchell grass (Figure 5.1 and 5.2, respectively), for 48 and 96h 




After 48h of incubation, FF from camels grazed alone produced more gas (35.3 ml; 
P<0.05) from lucerne hay than RF from cattle co-grazed with camels (Figure 5.1). 
However, the production of gas plateaued after 48h of incubation for camels grazed 
alone, but continued to increase for cattle co-grazed with camels to reach 36ml at 96h. 
FF for camels co-grazed with cattle produced more (P<0.05) gas compared to the other 
animal groups at 48h of incubation with values reaching up to 41.4 ml of gas. This rate 
of 41.4 ml of gas production remained almost constant from 48h to 96h of incubation for 
both Lucerne and Mitchell grass treatments (Figures 5.1 and 5.2). Even though the gas 
production for cattle co-grazed with camels from 48 to 96h of incubation was increased, 
production from camels co-grazed with cattle remained higher (P<0.05) at 96h of 
incubation compared with the other groups, for both Mitchell grass and Lucerne 
treatments.  
 
In the Mitchell grass treatment (Figure 5.2), gas production for both camels grazed 
alone and cattle co-grazed with camels increased in a similar fashion from 0h to 48h of 
of incubation. In contrast, gas production by FF from camels grazed alone plateaued 
after 48h, and gas production by cattle co-grazed with camels continued to increase and 
was higher (P<0.05) than the production from camels grazed alone (38.0 ml). The level 
of gas production by the inocula from camels co-grazed with cattle (41.6 ml) was similar 
to the results for the camels grazed alone. In the Mitchell grass treatment, camels co-
grazed with cattle produced significantly higher volumes of gas (41.6ml P<0.05) at 48h 
compared to the others. However, no change in gas production volume was observed 
after 48h. 
  
5.3.2 H2, CH4, CO2, and in vitro dry matter digestibility (IVDMD) 
 
H2 concentration was recorded at each incubation period of 0, 48, and 96h in µM for 
Lucerne and Mitchell grass treatments (Figures 5.3 and 5.4). Cattle co-grazed with 
camels in both Lucerne and Mitchell grass treatments produced the highest volumes of 
H2 (P<0.05) which was 6.3 µM for both feed treatments. H2 was only recorded at 48h of 
78 
 
incubation. No H2 readings were recorded at 96h of incubation for any of the animal 
groups.  
 
CH4 values for Lucerne and Mitchell grass feed treatments are shown in Figures 5.5 
and Figure 5.6 for the two feedstuffs respectively. The concentration was recorded in 
µM at each incubation period of 0, 48, and 96h. In the lucerne treatment, camels co-
grazed with cattle produced higher (P<0.05) CH4 than other groups with an average 
value of 12.1µM at 48h (Figure 5.5). However, only cattle co-grazed with camels 
showed an increase in CH4 production at 96h of incubation, while the other two groups 
of animals did not show any change between 48h and 96h of incubation. The same 
pattern was observed in the Mitchell grass treatment (Figure 5.6), except for 48 and 96h 
of incubation, where camels grazed alone had lower CH4 readings at ~ 2.4µM, 
compared to Lucerne with 5.7µM and 6.5µM at 48 and 96h of incubation, respectively 
(Figure 5.6).  
 
The results obtained for the concentration of CO2 in the Lucerne and Mitchell grass 
treatments are shown in Figures 5.7 and 5.8, respectively. A marked rise in the 
concentrations of CO2 occurred for all animal groups for both treatments from 0h to 48h 
after this time period there was a decrease (P<0.05) at 96h of incubation for camels co-
grazed with cattle. Only cattle co-grazed with camels in the Mitchell grass treatment 
increased steadily, reaching significantly higher values (P<0.05) compared to the other 
animal groups. As for camels grazed alone; there was no further increase in gas 
production between 48 and 96h of incubation for either Lucerne or Mitchell grass 
treatments. A summary of all H2, CH4, and CO2 results is shown in Table 5.1.  
 
The results of the in vitro dry matter digestibility (IVDMD) measurements following 48h 
of incubation for cattle co-grazed with camels, camels co-grazed with cattle, and camels 
grazed alone for the lucerne and Mitchell grass treatments are shown in Table 5.2. In 
the Mitchell grass treatment, camels co-grazed with cattle showed significantly higher 
(P<0.05) IVDMD compared to the other groups, while in the Lucerne treatment, both 
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camels co-grazed with cattle and cattle co-grazed with camels had significantly higher 
(P<0.05) IVDMD compared to camels grazed alone.    
 
5.3.3 Volatile fatty acid production  
 
The overall mean values for total and individual VFA production for cattle co-grazed with 
camels, camels co-grazed with cattle, and camels grazed alone are given in Table 5.2.  
 
With Lucerne hay, both camel groups produced more acetic acid (P<0.05) compared to 
cattle co-grazed with camels after 48h of incubation, but with Mitchell grass, camels co-
grazed with cattle had the highest acetic acid level (P<0.05) compared to other animal 
groups.  
 
Both camels grazed alone and camels co-grazed with cattle produced more (P<0.05) 
propionic acid in the Mitchell grass treatment after 48h of incubation compared to cattle 
co-grazed with camels.  
 
As for butyric acid, both camel groups produced more (P<0.05) of this 4-C acid  than 
cattle co-grazed with camels after 48h on the lucerne treatment, but in the Mitchell 
grass treatment, camels co-grazed with cattle produced significantly more (P<0.05) 
butyric acid than the other groups. 
 
Other than the main VFAs (i.e. acetic, propionic, and butyric), that made up more than 
84% of the total VFAs among all treatments, the other minor VFAs such as isovaleric 
and n-valeric acids were also measured. These contributed to higher total VFAs at 48h 
of incubation for both camel groups compared to cattle co-grazed with camels. 
Collectively, camels co-grazed with cattle and camels grazed alone produced 
significantly more iso-valeric acid (P<0.05) compared to cattle co-grazed with camels in 
both the Lucerne and Mitchell grass treatments. They also produced significantly higher 
(P<0.05) n-valeric acid compared to cattle co-grazed with camels in the Mitchell grass 






Figure 5.1 Mean gas production between cattle co-grazed with camels (n=6, solid line), camels 
co-grazed with cattle (n=6, dash line) and camels grazed alone (n=6, dot line) using 100 mg 




Figure 5.2 Mean gas production between cattle co-grazed with camels (n=6, solid line), camels 
co-grazed with cattle (n=6, dash line) and camels grazed alone (n=6, dot line) using 100 mg 






Figure 5.3 Mean H2 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg lucerne 





Figure 5.4 Mean H2 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg Mitchell 








Figure 5.5 Mean CH4 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg lucerne 





Figure 5.6 Mean CH4 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg Mitchell 







Figure 5.7 Mean CO2 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg lucerne 





Figure 5.8 Mean CO2 production between cattle co-grazed with camels (n=6, blue), camels co-
grazed with cattle (n=6, brown) and camels grazed alone (n=6, green) using 100 mg Mitchell 






Table 5.1 Summarization of all H2, CH4 and CO2 mean production between cattle co-
grazed with camels (n=6), camels co-grazed with cattle (n=6) and camels grazed alone 





a, b,c Means within rows for each type of feed with different letter differ significantly (Tukey, P<0.05).  
 







































0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
48 6.3a 0.0 0.0 1.1 6.3a 0.0 0.0 1.1 
96 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 CH4 
0 0.1 0.1 0.0 0.0 0.4 0.1 0.0 0.1 
48 6.2 12.1a 5.7 1.1 4.9 11.0a 2.3 1.2 
96 10.8 12.3 6.5a 0.8 8.9 11.4 2.4a 1.1 
 CO2 
0 81.7 83.3 97.2a 2.5 78.6a 88.7ab 99.8b 2.8 
48 105.5 112.3a 105.0 1.0 101.5 114.9a 106.2 1.7 
96 105.1 102.3 104.0 3.1 113.5a 106.3b 102.3b 1.7 
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Table 5.2 Concentration of total and individual VFAs at 0 hour and 48 hours incubation 
and in vitro dry matter digestibility (IVDMD) of Mitchell grass and lucerne hay as 



























(mmol/l) 0 10.8 c 20.6 a 16.5 b 3.2 21.2 a 12.6 15.1 3.2 
 




   
   
 
Propionic acid 
(mmol/l) 0 3.0 c 6.8 a 4.1 b 0.4 7.3 a 4.3 4.1 0.7 
 




   
   
 
iso-Butyric acid 
(mmol/l) 0 0.4 0.7 0.4 0.3 0.7 0.6 0.4 0.3 
 




   
   
 
n-Butyric acid 
(mmol/l) 0 0.5 c 1.1 a 0.7 b 0.4 1.1 0.9 0.7 0.5 
 




   
   
 
iso-Valeric acid 
(mmol/l) 0 1.1 2.1 1.4 1.0 2.1 1.5 1.4 0.8 
 




   
   
 
n-Valeric acid 
(mmol/l) 0 0.7 1.3 0.8 0.6 1.3 1.0  0.8 0.5 
 




   
   
 
Total VFAs 
(mmol/l) 0 16.5 b 32.6 a 23.9 c 5.2 33.7 20.9 22.5 3.2 
 




   
   
 
IVDMD (%) 48 55.6 62.7 a 54.9 3.5 61.3  60.6  48.6 a 2.3 
 
 
a, b,c Means within rows for each type of feed with different letter differ significantly (Tukey, P<0.05).  
 
* Mean values of six animals per treatment. FF or RF was added to 8 ml pre-reduced medium of BM 10 
containing 100 mg of lucerne or Mitchell grass. 
 









5.4.1 Gas Production and In Vitro Dry Matter Digestibility (IVDMD) 
 
Using the in vitro gas production technique, digestive dynamics of feed and the effect of 
source of inocula can be evaluated. It is evident that camels co-grazed with cattle 
showed a higher ability to digest both Mitchell grass and Lucerne with more gases 
produced when compared with camels grazed alone (Figures 5.1 and 5.2). Even though 
the camels that were sampled in this experiment came from areas where Mitchell grass 
was the dominant native pasture, they showed lower fermentation capacity, and 
produced less gas, than the cattle that co-grazed with them (Figure 5.2). The source of 
the inocula in this study may have come from animals that were not as well adapted to 
Mitchell grass as in earlier studies. The feeding behaviour and selectivity of camels in 
Australia has shown that Mitchell grass is not the preferred dietary source when other 
vegetation is available (Philips et al. 2001). However, co-grazing camels with cattle 
enabled camels to produce the highest gas production in the Mitchell grass treatment as 
the co-grazing factor aids the FF in camels to ferment the fibre substrate better than the 
cattle that were well adapted to this type of pasture (which was represented by cattle 
grazed alone on Mitchell grass). This finding suggests that co-grazing is beneficial to 
cattle and creates some kind of synergism that is yet to be investigated.  
 
The same fermentation outputs were recorded in Mitchell grass and Lucerne treatments 
by the cattle co-grazed with camels group, which indicates that the RF inoculum from 
these animals performed well in digesting the low quality fibrous Mitchell grass. This 
grass type is of lower quality than either Lucerne or cereal grain that is widely used in 
the livestock industry to maximize animal live weight gains. Here again, it is evident that 
co-grazing improves the digestive capacity regardless of whether cattle or camels are 
the focused subject. 
 
Further investigation of IVDMD proved to be a useful analytical approach for 
comparative purposes when investigating the effect of the source of the inocula on 
digestion of the different feeds that were studied. Laboratory based IVDMD tests can be 
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useful to represent degradation of plant tissues by the microbial community within the 
foregut of the host animal that indicate by reduction in plant sample weight (Cobo et al. 
2002). Commonly, animal nutrition laboratories use the IVDMD to test feed quality for 
ruminant animals (Robert et al. 2013; Tilley & Terry 1963).  
 
Results for the Mitchell grass treatment (Table 5.2) illustrated that there was, a higher 
value of 62.7% for  IVDMD (P<0.05) in the group of camels co-grazed with cattle 
compared to other groups. This outcome suggests potential differences in the 
composition of the FF microbiota, which supported higher activity because they were 
able to utilize plant tissue more efficiently.  Similarly, the results obtained with the 
Lucerne substrate indicate that camels co-grazed with cattle have approached the 
ability of cattle co-grazed with camels, to digest DM more completely (P<0.05) than 
camels grazed alone.        
 
On the other hand, no trace of H2 appeared in most samples, and this might be 
explained by a reading error as a result of improper preparation or handling during 
analysis. However, H2 was detectable in the fermentation products of cattle co-grazed 
with camels (Figures 5.3 and 5.4), indicating a lower activity of methanogens at 48h of 
incubation. As observed in Figures 5.5 and 5.6, CH4 values are lower at 48h of 
incubation time, but increased at 96h of incubation with nil H2 recorded at 96h. Another 
explanation for the missing H2 at 96h of incubation period might be the increasing 
presence of other H2 utilizing bacteria that are non-methanogenic, such as reductive 
acetogens (e.g. Acetomaculum ruminis), sulphate reducing bacteria (e.g. Desulfovibrio 
desulphuricans), and propionate producers (e.g. Prevotella ruminicola) (Ellis, JL et al. 
2008). 
 
The higher CH4 (P<0.05) production by camels co-grazed with cattle compared to 
camels grazed alone (Figures 5.5 and 5.6) was perceived as the effect of cattle 
presence during co-grazing. Although after 96h of incubation period, cattle co-grazed 
with camels and camels co-grazed with cattle produced significantly more CH4 
compared to camels grazed alone for both the Mitchell grass and the Lucerne 
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treatments. There was no indication of what type of methanogens were responsible for 
this outcome.  The drop in the CO2 value from 48h to 96h of incubation period for 
camels grazed with cattle (Figures 5.7 and 5.8) might explain the presence of more H2 
utilizing methanogens as these methanogens not only utilize H2, but also CO2 to 
produce CH4. Another type of methanogen is the acetoclastic methane bacteria, which 
consume acetate to produce methane (Kampmann et al. 2012).  
 
A decrease in gas production was observed probably due to exhaustion of buffer and 
the low proportion of microbes to substrate (Getachew et al. 1998). Exhaustion of buffer 
has an effect on pH lowering that leads to depreciation of microbial activity. To prevent 
this exhaustion, Beuvink & Spoelstra (1992) calculated that the amount of short chain 
fatty acids (SCFA) produced must not exceed 4.5 mmol (1 mmol of bicarbonate buffer 
releases 1 mmol gas, which is equivalent to 25.63 ml at 39°C) gas/60 ml buffered 
rumen fluid. However, Cone et al. (1996) found that this type of incubation medium is 
also affected by exhaustion of buffer when more than 0.5g of corn cob mix was 
incubated. An alternative explanation for the decrease in gas production in this study  
might be due to the variability in the quantity of feed incubated or variability in the 
activity of RF or FF that was sampled on  different days. 
 
In addition, camels grazed alone appeared to digest Mitchell grass and Lucerne hay 
less efficiently as the IVDMD was lower, but produced more VFAs and less CH4  per 
unit of DM digested from both Mitchell grass and Lucerne treatments. CH4 is eructated 
by ruminants and contributes to methane emission from livestock, which is responsible 
for about 15% to 20% of the total anthropogenic emission of CH4 (Moss et al. 2000). 
Usually 6–8 %, but up to 12%, of the gross energy (GE) in feeds is converted to CH4 
during microbial digestion in the rumen (Johnson & Johnson 1995). This energy usage 






5.4.2 Volatile Fatty Acid Production 
  
It has been suggested that rumen fermentation of pasture declines with advancing plant 
maturity, a process associated with reduced VFA production (Weller et al. 1969). Thus, 
the application of mature Mitchell grass compared to the better quality Lucerne hays 
that contained more crude protein and digestible organic matter (Table 1) was expected 
to yield fewer VFAs. This was clearly shown by the total VFAs produced at 48h of 
incubation in both cattle co-grazed with camels and camels grazed alone. However, the 
results of this experiment showed greater fermentability for Mitchell grass with inocula 
from camels co-grazed with cattle, which had a VFA of 102.3 mM at 48h of incubation, 
the highest among all treatments and across feeds.  
 
The highest reading of 62.7% for IVDMD in the Mitchell grass treatment from camels 
co-grazed with cattle might correspond with the total VFA level produced by camels co-
grazed with cattle. The relatively high IVDMD, despite the high NDF and ADF contents 
of Mitchell grass, implies that co-grazing camels with cattle supported a more effective 
microbial population in camels. Similar values of the highest cumulative gas production, 
IVDMD, and total VFA production were shown when in vitro rumen batch culture was 
completed for Brachiaria ruziziensis grass and leguminous shrub species of Gliricidia 
sepium that are commonly used for livestock grazing in parts of Australia and Ghana 
(Meale et al. 2012). Meanwhile, as the subject matter by Meale et al. (2012) was the 
evaluation of feed, it does not agree well with this present co-grazing experiment as the 
focus was to investigate the characteristics of FF inoculants in fermentation of feed 
samples. Thus, the VFA analysis performed in this present study revealed the capability 
of microbes in the FF rather than evaluation among pasture that was used as substrate 




Co-grazing camels with cattle has continued to prove to be advantageous to both 
animal species, as demonstrated by the favourable fermentation results compared to 
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grazing alone. Camels co-grazed with cattle gained greater benefits by producing higher 
IVDMD and by having the greatest total VFAs and gas production. Different 
fermentation patterns among all the groups necessitate a detailed study into the 
microbiology of each RF or FF inoculant to establish if differences exist between the 
different inocula and if there is a reason for such differences in IVDMD and fermentation 
end products. However, extrapolation of the results of in vitro fermentation of a sampled 
plant species do not directly represent the overall animal in vivo productivity, since 
intake (behaviour preferences, selection, etc.) and induced fermentation parameters 





Bacterial diversity of the inocula obtained from cattle grazed with camels or 





The objective of this experiment was to examine the bacterial diversity characteristics of 
the rumen contents in samples obtained from cattle co-grazed with camels and cattle 
grazed alone, under the same pasture conditions and of the same genotype and age. 
The results presented in this chapter examined each 16s rRNA gene sequence, which 
represented all bacteria that contributed to the make-up of the bacterial community. 
Rumen microbial contents in the samples for this experiment were the same as those 
used as a source of inocula in Chapter 4. 
 
 
6.2 Materials and methods  
 
Full details of environmental conditions and animals together with their dietary contents 
prior to rumen fluid (RF) sampling are presented in Sections 4.2 and 4.2.1, respectively.  
 
6.2.1 Sampling  
 
The rumen contents in the samples were collected via stomach tubes from cattle co-
grazed with camels and cattle grazed alone. The samples were filtered through four 
layers of cheesecloth and the collected rumen fluid (RF) was treated as explained in 
Section 4.2.2, and were added to 45 ml Falcon tubes, frozen immediately, and kept in -
80°C until analysed. 
 
6.2.2 Preparation of RF sample  
 
The -80°C stored RF samples were initially thawed on ice flakes until all returned to 
their original liquid form. Each tube containing RF was then inverted several times to 
92 
 
mix the contents thoroughly before 1.5 ml of RF was taken out and prepared for DNA 
extraction prior to pyrosequencing. 
       
6.2.3 Pyrosequencing of 16s rRNA 
 
The pyrosequencing methodology applied in this chapter is presented in Section 3.3.  
To reduce the cost and the processing time for 454 pyrosequencing, all RF samples 
from both Richmond and Caboolture sampling sites were processed in one plate of the 
Roche 454 Genome Sequencer machine. The microbiological analysis for the sampling 
from Caboolture is discussed in Chapter 7.   
 
6.2.3.1 Statistical analyses 
 
From the data gathered from pyrosequencing, OTU differences were analysed using 
SPSS software, version 17.0. The data were analysed by means of a one-way ANOVA 
of animal groups with a Tukey's multiple comparison post hoc test. A probability value (p 
value) of ≤0.05 was taken as a measure of significance.  
 
6.2.4 OTU quantification 
 
The OTU picking step algorithm command in QIIME enables assignation of similar 
sequences to operational taxonomic units (OTUs), or Observed species, by clustering 
sequences based on a 97% similarity threshold. It also allows users to exploit the raw 
data to pull phylogenetic diversity (PD); whole tree metric and Chao1 metric for each 
sample. The PD whole tree metric is simply the diversity measurement of each sample, 
while the Chao1 measures species richness for each sample. 
 
6.2.5 Rarefaction analysis 
 
Rarefaction measurement corrects species expectation based on the effects of scaling 
down all the different sample sizes (seq/sample) to the same rate of seq/sample size. 
The statistical expectation of the number of species accumulated by seq/sample size 
was achieved by resampling from an observed sample set. In rarefaction analysis, the 
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information provided by all the OTUs sampled is used to estimate the richness at a 
smaller sample size, allowing for comparable level of different seq/sample sizes 
between communities or groups.  
 
6.2.6 Principal Coordinate Analysis (PCoA) 
 
The basic aim of Principal Coordinate Analysis (PCoA) is to cluster the similarities of 
OTUs found between samples based on values of categories associated with them, so 
that similar samples are depicted near to each other and dissimilar samples are found 
further apart from each other. The goal is both to minimize within group variation and 
maximize between group variation in order to define categories of samples, and 
therefore, reduce the dimensionality of the data set to a few groups or cluster (James 
1990; Legendre 1999). This approach is, thus, generally recommended when minute 
differences are expected between samples because analysis mostly aims at 
representing samples in a partition of cluster positioning. Essentially, PCoA that is built 
into the QIIME software simplifies the samples that are hierarchically clustered based 
on their inter-sample UniFrac distances using an Unweighted-Pair Group Method with 
an Arithmetic mean (UPGMA). 
 
6.2.7 Tracing significant OTUs 
 
To trace OTUs that are significantly represented across experimental treatments or in 
this case, animal groups between cattle grazed alone and cattle co-grazed with camels, 
QIIME software ANOVA using a false discovery rate (FDR) correction was performed to 
list out all the significant OTUs. Furthermore, this significant test procedure can also 
measure co-occurrence (presence or absence), together with the abundance of the 
significantly traced OTUs. With the statistically significant presence of OTUs listed out, 
an interest category of OTUs can be chosen to investigate further; in this case, these 
are the OTUs that are only present in cattle co-grazed with camels and the OTUs that 







6.3.1 Sequence quantification 
 
After denoising and chimeric filtering, a total of 61,488 sequences were obtained from 
both groups of cattle (co-grazed with camels and grazed alone) (Table 6.1). A total of 
29,516 sequences with an average of 4,919.3 sequences per cow was gained from the 
six cattle co-grazed with camels, while a total of 31,972 sequences with an average of 
5,328.7 sequences was obtained from the six cattle grazed alone. The, larger the 
number of sequences gathered from each sample by 454 pyrosequencing the better is 
the assessment of microbial community structure. 
Table 6.1 Non-chimeric sequence count for the six cattle grazed alone and the six cattle grazed 













6.3.2 OTU quantification 
 
A combined total of 12,045 OTUs were obtained from both groups of cattle co-grazed 
with camels and cattle grazed alone (Table 6.2). A total of 5,929 OTUs with the average 
of 988.2 OTUs was gained from the six cattle co-grazed with camels and a total of 
6,116 OTUs with the average of 1019.3 OTUs was gained from other six cattle grazed 
alone. A statistical test for significant differences in all three parameters of PD: whole 
tree; Chao1 and observed species was undertaken (Larsen et al. 2010; Lin et al. 2013; 
Pitta et al. 2010; Smith et al. 2012). However, there was no significant differences 
between the two groups using an independent t-test within the SPSS program. 
Cattle grazed alone  Cattle co-grazed with camels 
Sample Sequence count Sample Sequence count 
Cat_Alone_R1 2413 Cat_Co_R1 4323 
Cat_Alone_R2 3103 Cat_Co_R2 5370 
Cat_Alone_R3 3222 Cat_Co_R3 7446 
Cat_Alone_R4 7283 Cat_Co_R4 4850 
Cat_Alone_R5 7891 Cat_Co_R5 4254 
Cat_Alone_R6 8060 Cat_Co_R6 3273 
Total 31972 Total 29516 




Table 6.2 Phylogenetic Diversity (PD) whole tree matric, Chao1, and Observed species (OTUs) 
for each sample and mean average between cattle grazed alone and cattle co-grazed with 
camels. 
 
# * ∂  value are comparable only among same symbol  





























Cat_Alone_R1 50.4 1366.1 660 Cat_Co_R1 65.0 1442.1 934 
Cat_Alone_R2 55.9 1384.8 799 Cat_Co_R2 63.2 1664.7 990 
Cat_Alone_R3 58.3 1393.4 797 Cat_Co_R3 72.4 1874.6 1285 
Cat_Alone_R4 72.1 1877.4 1280 Cat_Co_R4 63.3 1611.3 1032 
Cat_Alone_R5 73.2 1811.1 1266 Cat_Co_R5 62.7 1453.0 923 
Cat_Alone_R6 74.9 1907.1 1314 Cat_Co_R6 53.3 1255.4 765 
Total 384.8 9739.9 6116 Total 379.8 9301.0 5929 
Mean value 64.1# 1623.3* 1019.3∂ Mean value 63.3# 1550.2* 988.2∂ 
S.E.M 0.8 87.3 63.2 S.E.M 0.8 87.3 63.2 
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6.3.3 Rarefaction analysis 
 
At the initial phase of seq/sample size, rarefaction curves follow a quadratic pattern with 
a linear phase when many species are rapidly identified followed by a slowing of growth 
followed by a plateau phase, which indicates a decline in the discovery of new species. 
Rarefaction  curves of observed species for  each sample  between cattle grazed  alone 
and cattle co-grazed with camels are shown in Figure 6.1 While the average rarefaction 
indices  of  PD  whole  tree, observed  species  (OTUs),  and  species richness  (Chao1) 
between cattle grazed alone and  cattle co-grazed with camels  are  shown in Table 6.3. 
The  seq/sample  size at  the rate of 1150 was selected for all three kinds of  indices  as 
this was the number of sequences /rate  comparable for all  sample groups. At this 1150 
seq/sample rate, the  value of PD  whole tree, Chao1, and OTUs for cattle grazed alone 
averaged at 50.7, 1370.4, and 651.9, respectively, while  the  values  of  PD  whole tree, 
Chao1,  and  observed  species  for  cattle  co-grazed   with  camels  averaged  at  49.6, 






Figure 6.1 Rarefaction curve of phylogenetic diversity (PD) whole tree (a), observed species (b) 
and Chao1 (c) calculated after rarifying samples to equal sequencing rate. Each line on the 
figure represents the average (n=6) of all microbial belonging to a group of cattle co-grazed with 









Table 6.3 Rarifying data for cattle grazed alone (Cat_alone_R) and cattle co-grazed with camels 
(Cat_co_R). Measurement for phylogenetic diversity (PD) whole tree, Chao1 and observed species read 
at seqs/sample value of 1150. 
 
Group Seqs/Sample 
PD whole tree 
average 










Cat_alone_R 10 3.897 0.132 50.033 2.578 9.833 0.094 
Cat_alone_R 295 29.241 0.404 910.219 56.717 236.333 2.382 
Cat_alone_R 580 39.451 0.632 1152.904 46.928 403.883 5.478 
Cat_alone_R 865 46.221 0.702 1245.814 27.827 539.067 6.663 
Cat_alone_R 1150 50.712 0.945 1370.438 57.81 651.917 8.164 
Cat_alone_R 1435  nan  nan  nan  nan  nan  nan 
Cat_alone_R 1720  nan  nan  nan  nan  nan  nan 
Cat_alone_R 2005  nan  nan  nan  nan  nan  nan 
Cat_alone_R 2290  nan  nan  nan  nan  nan  nan 
Cat_alone_R 2575  nan  nan  nan  nan  nan  nan 
Cat_alone_R 2860  nan  nan  nan  nan  nan  nan 
Cat_co_R 10 3.759 0.162 52.333 3.415 9.917 0.107 
Cat_co_R 295 28.005 0.809 936.484 92.529 228.45 6.531 
Cat_co_R 580 37.852 1.504 1103.736 84.143 390.433 14.564 
Cat_co_R 865 44.51 1.645 1196.337 66.269 520.55 20.925 
Cat_co_R 1150 49.605 1.822 1323.128 95.405 635.717 27.408 
Cat_co_R 1435 53.579 1.899 1384.818 76.34 731.4 27.789 
Cat_co_R 1720  nan  nan  nan  nan  nan  nan 
Cat_co_R 2005  nan  nan  nan  nan  nan  nan 
Cat_co_R 2290  nan  nan  nan  nan  nan  nan 
Cat_co_R 2575  nan  nan  nan  nan  nan  nan 


















6.3.4 Community structure 
 
The relative proportions of taxa at phylum level have been defined differently between 
groups, but considerably similar among samples within each group (Figure 6.2). This 
indicates a possible statistical differencet between cattle co-grazed with camels and 
cattle grazed alone. Furthermore, a comparison to determine if there is significant 
difference in the presence of phyla proportions is common practice in microbial 
ecological research (Ellis et al. 2013). Among all categories of phyla, taxa within the 
Bacteroidetes were the most dominant, followed by Firmicutes as the second dominant. 
Cattle co-grazed with camels had significantly higher (P<0.05) Bacteroidetes (51.9%), 
but lower (P<0.05) Firmicutes (33%) compared to cattle grazed alone that had 44.6% of 
Bacteroidetes and 39.5% of Firmicutes (Table 6.4). Overall, there were 21 identified 
phyla with five phyla (including Bacteroidetes and Firmicutes) being significantly 
different (P<0.05) when compared between cattle co-grazed with camels and cattle 
grazed alone. There were three other significantly different phyla. These were 
Planctomycetes and WPS-2, which was higher (P<0.05) in cattle grazed alone, and 
Verrucomicrobia, which was higher (P<0.05) in cattle co-grazed with camels. 
 
Further observation of taxa between cattle co-grazed with camels and cattle grazed 
alone was carried out at family level. There was less inter-individual variation among the 
samples within the same group, but significantly different taxa families between groups 
of cattle grazed alone and cattle co-grazed with camels (Figure 6.3).  This difference is 
reflected at the phylum level analysis seen in Figure 6.2. In addition, a comparison 
between significant values was carried out to attest this family observation and nine 
significant differences of family taxa between cattle co-grazed with camels and cattle 
grazed alone were listed out from the total of 71 identified families (Table 6.5). The most 
dominant family was an unknown family derived from the Bacteroidales which was 
found to be significantly different (P<0.05) between the groups of cattle co-grazed with 
camels (35.9% mean relative abundance) and cattle grazed alone (28.6% mean relative 
abundance).  For the family Lachnospiraceae family which is derived from the order 
Clostridiales it can be seen in Figure 6.3 that cattle grazed alone had a significantly 
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higher population (P<0.05 mean relative abundance of 18.2%) when compared to cattle 
co-grazed with camels (10.3) %, (Table 6.5). Two other families which were significantly 
different were identified originating from the order Clostridiales they were 
Veillonellaceae, and an unknown family cattle grazed alone had higher (P<0.05) mean 
relative abundance of Veillonellaceae, while the unknown family was higher (P<0.05) in 
cattle co-grazed with camels. A further three of the listed familes were found to be 
significantly higher (P<0.05) in cattle grazed alone, they were: Pirellulaceae; an 
unknown family derived from the Pirellulales family and a third unknown family derived 
from the WPS-2 phylum. The remaining two families that were significantly different 
between the groups were Sphaerochaetaceae, and unknown family derived from TP21 




























Figure 6.2. a) Bacterial distribution between cattle grazed alone (Cat_Alone_R1 to Cat_Alone_R6) and 
cattle co-grazed with camels (Cat_Co_R1 to Cat_Co_R6) from Richmond sampling site evaluated at the 





































   Archaea;p__Euryarchaeota 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 
   Bacteria;p__Actinobacteria 0.0% 0.3% 0.1% 0.2% 0.0% 0.2% 0.1% 0.1% 0.0% 0.0% 0.0% 0.1% 
   Bacteria;p__Armatimonadetes 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.0% 0.2% 0.0% 0.0% 
   Bacteria;p__Bacteroidetes 45.7% 43.7% 46.0% 44.6% 44.6% 42.7% 52.4% 51.8% 50.3% 52.2% 52.1% 52.6% 
   Bacteria;p__Chlamydiae 0.4% 0.4% 0.6% 0.8% 0.9% 0.6% 0.2% 1.0% 0.5% 0.3% 0.2% 0.4% 
   Bacteria;p__Chlorobi 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Chloroflexi 0.9% 0.9% 1.1% 1.0% 1.0% 0.7% 1.0% 0.8% 0.6% 1.0% 1.3% 1.6% 
   Bacteria;p__Cyanobacteria 0.3% 0.6% 0.8% 0.5% 0.5% 0.8% 0.8% 1.0% 0.9% 0.5% 0.7% 0.7% 
   Bacteria;p__Elusimicrobia 0.0% 0.2% 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Fibrobacteres 0.3% 0.8% 0.5% 0.6% 0.5% 0.5% 0.3% 0.4% 0.3% 0.5% 0.3% 0.3% 
   Bacteria;p__Firmicutes 39.6% 41.0% 39.2% 38.4% 37.9% 40.9% 34.1% 30.2% 34.5% 32.9% 34.2% 32.6% 
   Bacteria;p__Fusobacteria 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Lentisphaerae 3.1% 3.2% 3.5% 3.1% 3.6% 3.0% 2.5% 5.4% 3.7% 3.1% 2.5% 2.9% 
   Bacteria;p__Planctomycet es 0.5% 0.4% 0.8% 0.6% 0.3% 0.4% 0.0% 0.0% 0.1% 0.2% 0.1% 0.2% 
   Bacteria;p__Proteobacteria 1.2% 1.0% 1.1% 1.4% 1.3% 1.1% 0.5% 1.1% 1.0% 0.5% 0.7% 0.9% 
   Bacteria;p__SR1 0.0% 0.4% 0.1% 0.3% 0.3% 0.2% 0.0% 0.1% 0.2% 0.3% 0.3% 0.2% 
   Bacteria;p__Spirochaetes 0.8% 1.2% 0.6% 1.0% 1.2% 0.8% 1.1% 2.7% 1.9% 0.9% 1.5% 1.8% 
   Bacteria;p__Synergistetes 0.5% 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% 0.2% 0.1% 0.1% 0.1% 
   Bacteria;p__TM7 1.2% 1.6% 1.4% 2.0% 2.1% 1.8% 2.1% 1.8% 1.7% 1.6% 1.2% 1.6% 
   Bacteria;p__Tenericutes 3.9% 2.2% 2.8% 3.3% 3.9% 3.8% 2.7% 2.5% 2.8% 3.8% 3.5% 2.2% 
   Bacteria;p__Verrucomicrobia 1.3% 0.8% 0.5% 0.7% 0.8% 0.8% 1.7% 0.8% 1.1% 1.8% 1.1% 1.6% 
   Bacteria;p    W PS-2 0.4% 1.1% 0.5% 1.2% 0.8% 1.3% 0.1% 0.1% 0.2% 0.0% 0.1% 0.1% 
 
Figure 6.2. b) The specific phyla abundance (%) for each sample listed. 
 
Table 6.4 Statistical analysis of phylum composition between cattle grazed alone and cattle co-grazed 
with camels from Richmond sampling site. Only five significant differences (p<0.05) of phylum were 
observed from the total list of 21 phylum analysed. Reading value of 1 is equal to 100% mean 
















a, b Means within rows with different letter differ significantly (P<0.05). 
Taxonomy at Phylum level Cattle grazed alone  
Cattle co-grazed 
w ith camels  
S.E.M 
1) Euryarchaeota 0.00000 0.00033 0.00038 
2) Actinobacteria 0.00133  0.00050  0.00092 
3) Armatimonadetes 0.00067 0.00050 0.00022 
4) Bacteroidetes 0.44550 b 0.51900 a 0.00087 
5) Chlamydiae 0.00617 0.00433  0.00194 
6) Chlorobi 0.00033 0.00017 0.00027 
7) Chloroflexi 0.00933  0.01050  0.00271 
8) Cyanobacteria 0.00583 0.00767 0.00195 
9) Elusimicrobia 0.00067 0.00000  0.00071 
10) Fibrobacteres 0.00533  0.00350 0.00196 
11) Firmicutes 0.39500 a 0.33083  b 0.00176 
12) Lentisphaerae 0.03250  0.03350  0.00157 
13) Planctomycetes 0.00500  a 0.00100 b 0.00108 
14) Proteobacteria 0.01183 0.00783  0.00485 
15) SR1 0.00217 0.00183  0.00083 
16) Spirochaetes 0.00933 0.01650  0.00723 
17) Synergistetes 0.00150 0.00080 0.00091 
18) TM7 0.01683  0.01667  0.00039 
19) Tenericutes 0.03317 0.02917 0.00705 
20) Verrucomicrobia 0.00817 b 0.01350 a 0.00395 







Figure 6.3. a) Bacterial distribution between cattle grazed alone (Cat_Alone_R1 to Cat_Alone_R6) and 
cattle co-grazed with camels (Cat_Co_R1 to Cat_Co_R6) from Richmond sampling site evaluated at the 




































   o__Methanobacteriales; f__Methanobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  
   o__Actinomycetales; f__Propionibacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Coriobacteriales;f__Coriobacteriaceae 0.0%  0.3%  0.1%  0.2%  0.0%  0.2%  0.1%  0.1%  0.0%  0.0%  0.0%  0.1%  
   c__SJA-176;o__;f__ 0.0%  0.1%  0.1%  0.1%  0.1%  0.0%  0.0%  0.1%  0.0%  0.2%  0.0%  0.0%  
   o__Bacteroidales;f__ 31.8%  27.7%  27.0%  28.9%  29.1%  27.1%  36.1%  35.2%  35.1%  36.6%  36.8%  35.4%  
   o__Bacteroidales;f__Porphyromonadaceae 0.4%  0.1%  0.3%  0.2%  0.1%  0.0%  0.0%  0.0%  0.0%  0.2%  0.0%  0.1%  
   o__Bacteroidales;f__Prevotellaceae 13.5%  15.9%  18.8%  15.5%  15.4%  15.6%  16.3%  16.5%  15.2%  15.5%  15.4%  17.1%  
   c__Flav obacteria;o__;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__Chlamydiae;o__; f__ 0.4%  0.4%  0.6%  0.8%  0.9%  0.6%  0.2%  1.0%  0.5%  0.3%  0.2%  0.4%  
   c__OPB56;o__;f__ 0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Anaerolineales;f__Anaerolinaceae 0.9%  0.6%  1.0%  0.8%  0.8%  0.7%  0.8%  0.7%  0.6%  0.9%  1.2%  1.5%  
   o__Dehalococcoidales;f__Dehalococcoidaceae 0.0%  0.3%  0.1%  0.2%  0.2%  0.0%  0.2%  0.1%  0.1%  0.0%  0.1%  0.1%  
   c__4C0d-2;o__YS2;f__ 0.3%  0.6%  0.8%  0.5%  0.5%  0.8%  0.8%  1.0%  0.9%  0.5%  0.7%  0.7%  
   o__Streptophyta; f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Elusimicrobiales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Elusimicrobiales;f__Elusimicrobiaceae 0.0%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__Endomicrobia;o__;f__ 0.0%  0.1%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Fibrobacterales;f__Fibrobacteraceae 0.3%  0.8%  0.5%  0.6%  0.5%  0.5%  0.3%  0.4%  0.3%  0.5%  0.3%  0.3%  
   o__Haloplasmatales;f__Haloplasmataceae 0.1%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Lactobacillales; f__Streptococcaceae 0.1%  0.1%  0.2%  0.0%  0.1%  0.1%  0.1%  0.1%  0.1%  0.2%  0.1%  0.2%  
   o__Clostridiales; f__ 7.7%  7.2%  6.5%  6.3%  5.8%  6.8%  9.6%  6.3%  9.7%  8.9%  9.1%  8.5%  
   o__Clostridiales; f__Carboxydocellaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Catabacteriaceae 1.5%  0.8%  1.4%  0.6%  0.5%  0.7%  2.2%  1.2%  1.0%  1.4%  1.1%  1.3%  
   o__Clostridiales;f__Clostridiaceae 0.3%  0.6%  0.1%  0.2%  0.1%  0.2%  0.5%  0.1%  0.3%  0.2%  0.3%  0.0%  
   o__Clostridiales; f__Clostridiales Family XIII. Incertae Sedis 0.1%  0.4%  0.2%  0.1%  0.1%  0.1%  0.2%  0.0%  0.1%  0.1%  0.2%  0.2%  
   o__Clostridiales; f__Dehalobacteriaceae 0.0%  0.1%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales;f__Eubacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Lachnospiraceae 15.1%  18.0%  16.7%  19.3%  19.2%  20.7%  10.0%  11.7%  10.8%  8.8%  10.7%  9.8%  
   o__Clostridiales; f__Ruminococcaceae 11.6%  10.4%  9.9%  8.5%  9.0%  8.5%  9.4%  8.0%  10.0%  11.4%  10.4%  10.7%  
   o__Clostridiales; f__Syntrophomonadaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Clostridiales; f__Veillonellaceae 3.2%  3.5%  4.2%  3.3%  3.1%  3.6%  2.1%  2.7%  2.4%  1.8%  2.3%  1.9%  
   o__Fusobacteriales; f__Fusobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Victiv allales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Victiv allales;f__Victivallaceae 2.7%  3.1%  3.0%  2.9%  3.2%  2.8%  2.4%  5.2%  3.5%  2.9%  2.5%  2.7%  
   c__Lentisphaerae;o__Z20;f__ 0.4%  0.1%  0.4%  0.2%  0.4%  0.2%  0.1%  0.2%  0.1%  0.1%  0.0%  0.2%  
   o__Pirellulales;f__ 0.2%  0.2%  0.2%  0.3%  0.1%  0.1%  0.0%  0.0%  0.0%  0.2%  0.0%  0.0%  
   o__Pirellulales;f__Pirellulaceae 0.3%  0.3%  0.6%  0.3%  0.2%  0.2%  0.0%  0.0%  0.1%  0.0%  0.0%  0.2%  
   c__Alphaproteobacteria;o__;f__ 0.6%  0.6%  0.3%  0.8%  0.5%  0.7%  0.1%  0.7%  0.4%  0.5%  0.4%  0.6%  
   o__Kiloniellales; f__Kiloniellaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Rhodospirillales; f__Rhodospirillaceae 0.0%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  
   o__Rickettsiales;f__ 0.2%  0.1%  0.1%  0.1%  0.1%  0.0%  0.0%  0.3%  0.2%  0.0%  0.2%  0.1%  
   o__Sphingomonadales; f__Sphingomonadaceae 0.2%  0.2%  0.2%  0.2%  0.4%  0.2%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__Alcaligenaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__Burkholderiaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__Oxalobacteraceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Neisseriales; f__Neisseriaceae 0.1%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Rhodocyclales; f__Rhodocyclaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__Deltaproteobacteria;o__; f__ 0.1%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Desulfobacterales;f__Desulfobulbaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  
   o__Desulfuromonadales; f__Geobacteraceae 0.0%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  0.2%  0.0%  0.1%  0.1%  
   o__Desulfuromonadales; f__Pelobacteraceae 0.0%  0.0%  0.1%  0.1%  0.1%  0.0%  0.2%  0.1%  0.0%  0.0%  0.0%  0.1%  
   o__Myxococcales; f__Polyangiaceae 0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Campylobacterales; f__Campylobacteraceae 0.0%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   p__SR1;c__;o__;f__ 0.0%  0.4%  0.1%  0.3%  0.3%  0.2%  0.0%  0.1%  0.2%  0.3%  0.3%  0.2%  
   p__Spirochaetes;c__M1NP2-04;o__;f__ 0.2%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Sphaerochaetales;f__Sphaerochaetaceae 0.3%  0.7%  0.4%  0.8%  0.9%  0.6%  0.9%  2.2%  1.6%  0.7%  1.2%  1.5%  
   o__Spirochaetales;f__Spirochaetaceae 0.3%  0.4%  0.3%  0.3%  0.3%  0.1%  0.2%  0.5%  0.3%  0.2%  0.3%  0.3%  
   o__Synergistales; f__Dethiosulfovibrionaceae 0.4%  0.1%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.1%  0.1%  0.1%  0.1%  
   o__Synergistales; f__Synergistaceae 0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   p__TM7;c__TM7-3;o__CW040;f__F16 1.2%  1.6%  1.4%  2.0%  2.1%  1.8%  2.1%  1.8%  1.7%  1.6%  1.2%  1.6%  
   o__Erysipelotrichales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Erysipelotrichales;f__Erysipelotrichaceae 0.5%  0.5%  0.6%  0.7%  0.7%  0.8%  0.5%  0.2%  0.5%  0.5%  0.8%  0.4%  
   o__Erysipelotrichales;f__vadinHA31 1.1%  0.9%  0.8%  1.2%  1.3%  1.6%  0.8%  1.2%  1.1%  1.1%  1.3%  0.9%  
   c__ML615J-28;o__;f__ 0.2%  0.1%  0.4%  0.3%  0.2%  0.2%  0.1%  0.3%  0.2%  0.1%  0.2%  0.0%  
   o__Anaeroplasmatales;f__Anaeroplasmataceae 0.2%  0.1%  0.0%  0.2%  0.4%  0.3%  0.2%  0.1%  0.1%  0.2%  0.0%  0.1%  
   p__Tenericutes;c__Mollicutes;o__RF39;f__ 1.9%  0.5%  1.0%  1.0%  1.3%  0.9%  1.1%  0.7%  0.9%  1.8%  1.2%  0.8%  
   p__Verrucomicrobia;c__Opitutae;o__;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Puniceicoccales; f__Puniceicoccaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   p__Verrucomicrobia;c__TP21;o__;f__ 1.3%  0.8%  0.5%  0.7%  0.8%  0.8%  1.7%  0.8%  1.1%  1.8%  1.1%  1.5%  






Table 6.5 Statistical analysis of family composition between cattle grazed alone and cattle co-grazed with camels from Richmond sampling site. 
Only nine significant differences (p<0.05) of phyla were listed from the total list of 71 families analysed. Reading value of 1 being equal to 100 % 















    a, b Means within rows with different letter differ significantly (P<0.05).









1) o__Bacteroidales;f    unknow n__ 0.286 b 0.359 a 0.052 
2) o__Clostridiales;f  _ unknow n _ 0.067 b 0.087 a 0.013 
3) o__Clostridiales;f__Lachnospiraceae 0.182 a  0.103 b  0.049 
4) o__Clostridiales;f__Veillonellaceae 0.035 a 0.022 b 0.008 
5) o__Pirellulales;f__ unknow n 0.002 a 0.000 b 0.001 
6) o__Pirellulales;f__Pirellulaceae 0.003 a 0.001 b 0.001 
7) o__Sphaerochaetales;f__Sphaerochaetaceae 0.006 b 0.014 a  0.003 
8) p__Verrucomicrobia;c__TP21;o__;f__ unknown 0.008 b 0.013 a 0.002 
9) p__WPS-2;c__;o__;f__ unknow n 0.009 a 0.001 b 0.005 
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6.3.5 Principal Coordinate Analysis (PCoA) 
 
PCoA was performed using phylogenetic composition-based sample clustering 
associated with groups from each animal sampled. Each point represents one animal, 
while the colour represents the animal groups (Figure 6.4). PCoA captures the highest 
amount of distance matrix variation in all the samples tested at three factors or vector, 
which is principal coordinate 1 (PC1), PC2, and PC3. To explain as much as possible 
the variations unexplained by other axes, orthogonal axes were subsequently assigned 
(Lozupone & Knight 2005). Based on the PCoA plot, a clear cluster based on group was 
observed at two axes, PC1 (51.00%) vs PC2 (23.55%), and PC3 (14.35%) vs PC2. This 
intersample variance revealed considerable differences between cattle co-grazed with 
camels and cattle grazed alone even though both clusters were relatively near to each 
other. However, PC1 vs PC3 axes showed exceedingly close clustering, suggesting that 
both groups shared the same structure of bacterial diversity, which was expected as 
both groups of animals shared the same host species and also had similar feed 
substrate for bacterial growth. 
 
 
Figure 6.4. PCoA analysis of sample between cattle grazed alone and cattle co-grazed with camels from 
Richmond sampling site. The percentages in the axis labels represent the percentages of variation 




6.3.6 Tracing significant OTUs 
 
401 OTUs that were only present in cattle co-grazed with camels were identified and 
sorted out prior to Ribosomal Database Project (RDP) evaluation with BLAST reference 
for GenBank identification (Appendix A). These OTU’s were further subjected to 
Greengenes (http://greengenes.lbl.gov/) to find the closest cultured relative (Appendix 
B). The RDP result showed that all sequences were between 52.5 and 100%, similar to 
sequences from uncultured bacteria with 19 belonging to the phylum Bacteroidetes, 18 
to Firmicutes (2 Oscillospira sp. and 1 Anaplasma phagocytophilum included), 1 to 
Fibrobacteres, 3 to Lentisphaerae, 2 to Spirochaetes, and 1 to uncultured 
proteobacterium. The one with 100% similarity belonged only to OTU number 27 
identified as unclassified Prevotellaceae. Only 46 of these OTUs showed ≥95 % 
similarity, which allowed identification to the genus level when assigned with RDP 
classification. The Greengenes results indicated that 8 OTUs were closely related 
(≥97% similarity) to known cultured species of bacteria. The highest abundance of OTU 
that was only present in cattle co-grazed with camels was OTU number 43 with a 
percentage abundance of 0.3%, which had the closest similarity to bacteria culture of 
Eubacterium sp. at 82.28 % similarity. 
 
For OTUs that were categorized as statistically present both in cattle co-grazed with 
camels and cattle grazed alone, an amount of 836 OTUs had been sorted out. The RDP 
evaluation (Appendix C) showed that all sequences were between 41.3 and 99.3%; 
similar to sequences from uncultured bacteria with 36 belonging to the phylum 
Bacteroidetes, 56 to Firmicutes (1 Butyrivibrio fibrisolvens, 1 Oscillospira sp., 1 
Ruminococcus albus, 1 Ruminococcus flavefaciens, and 1 Anaplasma phagocytophilum 
included), 2 to Fibrobacteres, 1 to Cyanobacterium, 2 to Chloroflexi, 1 to TM7,  14 to 
Lentisphaerae, 3 to Proteobacterium, 3 to Spirochaetes,  1 to Synergistetes, and 1 to 
Tenericutes. Only 95 of these OTUs showed ≥95% similarity, which could be identified 
to the genus level based on RDP classification. The Greengenes analysis results show 
that 13 OTUs were found to be closely related (≥97 % similarity) to known cultured 
species of bacteria (Appendix D). The highest abundance of OTU in this category was 
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represented by OTU number 5 with percentage abundance of 4.2 % in cattle co-grazed 




DNA templates from initial inocula between cattle grazed alone and cattle co-grazed 
with camels for amplification and pyrosequencing were used for microbial community 
assessment. The differences between both groups were monitored using analysis tools 
embedded in QIIME pipeline software. Composition or population structure of microbes 
in the rumen plays a critical role in the level of efficiency and productivity of host animals 
(Franzolin et al. 2012).  
   
As observed in OTU quantification analysis (Table 6.2), the more frequently a read 
occurs in a given sample, the more likely this sequence is in fact in the origin host and it 
is not an artefact of the sequencing process. Conversely, a singleton read that does not 
have any close matches to any other read in the sample can exist as a rare species or 
an anomalous sequencing artefact.  It is difficult to clarify, which of these reads are 
likely to fit the criteria of being an artefact, therefore, in order to have maximum 
confidence in the reads, the observed species parameter was set to a 97% of threshold 
that could resolve the problem. Reliance of Chao1 on the ratio of singleton to doubleton 
(OTUs with exactly one or two sequences in the given sample, respectively) (Chao 
1984) may widely affect the composition ratio of the sample analysed even if only one 
extra singleton OTU is found in that sample. As predicted, each sample showed higher 
Chao1 reading than the observed species (Table 6.2) since Chao1 estimation takes into 
account all singletons present in the given sample (Yu et al. 2006).       
 
Sequences of Bacteria from the phyla Bacteroidetes and Firmicutes were predominant, 
as revealed by the 454 pyrosequencing of 16S rRNA gene sequences from both 
samples of cattle co-grazed with camels and cattle grazed alone. These two phyla, 
which comprised of 85 % of the sequences, have been shown to be ubiquitous in 
bovine rumen studies that also used 454 pyrosequencing tools (Brulc et al. 2009; 
Callaway et al. 2010; Pitta et al. 2010). The discovery of 21 phyla (Table 6.4) in the 
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present study was very similar with another study of cattle rumen microbial that found 
20 phyla (de Oliveira et al. 2013), which indicates remarkable diversity of microbes 
within the rumen of cattle. Furthermore, Clostridia and Bacteroidia, which are known to 
have a role in plant fibre degradation in ruminants (Cunha et al. 2011), was observed as 
the dominant classes of bacteria in studies of the rumen (Figure 6.3a). The composition 
of the phylum Fibrobacteres, which contains one of the main cellulolytic bacteria named 
Fibrobacter succinogenes that contribute great importance for fibre degradation in 
rumen function, was found extremely low and varied among all the samples at a range 
of 0.3 to 0.8 % (Figure 6.2b). Some previous published metagenomic studies have been 
unable to confirm the presence of the Fibrobacteres phylum using a fibre adherent 
examination (Brulc et al. 2009). Knowing that the low detection level of pyrosequencing 
may lead to a result showing the apparent absence of the Fibrobacteres phylum, real-
time PCR was used to, attempt to identify the presence of Fibrobacter succinogenes 
spp. Unfortunately the results still showed relatively low numbers of those species in all 
samples, indicating an agreement in the readings of the pyrosequencing and real-time 
PCR methods (Jami & Mizrahi 2012). Notably, the family Prevotellaceae, which includes 
Prevotella which are highly active hemicellulolytic and proteolytic bacteria, were found 
at a range of 13.5 to 18% (Figure 6.3b). A study by Thoetkiattikul et al. (2013). of 
pyrosequenced metagenomic DNA from Twelve Holstein–Friesian dairy cows that were 
fed three different diets found Prevotella genus accounted for 16.73% for all rumen 
bacterial sequences Apart from their ability to degrade non-cellulosic plant 
polysaccharide and protein (Kabel et al. 2011; Kamra 2005), ruminal Prevotella was 
also considered to have a role in the digestion of starch, xylan, and pectin (Jami & 
Mizrahi 2012; Kopecny et al. 2003).     
  
Moreover, PCoA demonstrated substantial differentiation of communities clusters 
associated with co-grazed or non co-grazed animals. This indicated that adaptation of 
the rumen microbiome is not just limited to feed ration or major transitions (i.e., forage to 
grain), but also driven by differences in grazing system, which in this case was, co-




These clusters, revealed by 16S rRNA sequences, appear to be very large in diversity 
and they have not been completely sampled yet. After assigning some OTUs of 
significant interest to RDP (Appendices A, B, C, and D), it was realized that most of 
these sequences might represent new and uncharacterized species. High throughput 
pyrosequencing certainly has unveiled almost all unknown OTUs within the rumen, 
which before this remained concealed when sequencing relied on the selection of clone 
libraries that contained known biases (Wintzingerode et al. 1997).  
 
Visual inspection of the rarefaction curve confirms that the inventory was virtually 
complete. The high sequencing coverage and the fact that the rarefaction curves for 
most samples reached an asymptote, brought enough confidence of the results and the 
patterns described (Figure 6.1). True bacterial species richness within each sample was 
not the only scope of this investigation, as true phylogenetic diversity and observed 
species (OTUs) were also determined by rarefaction analysis. However, it should be 
noted that richness estimators are not an alternative solution for problems of 
undersampling. There are some cases where hyperdiverse communities with large 
number of very rare species, such as tropical arthropods, have so far resisted efforts to 
provide reliable nonparametric richness estimators (Colwell 2009). Thus, it has been 
suggested that real utility of estimators lies in their potential to approximate asymptotic 
species richness from smaller samples. 
 
As illustrated in Table 6.2, no significant difference was found for every parameter 
(Chao1, observed species, and PD whole tree) between cattle grazed alone and cattle 
co-grazed with camels. When analysed further with PCoA assessment, considerable 
clustering separation was seen between these two groups. However, distinct 
differentiation between the two groups was observed when an ANOVA analysis (that is 
built into QIIME) for each unique OTU revealed a significant presence of those OTUs, in 
which animal groups were located, which complimented information obtained about the 
OTUs mean abundance (Appendices A, B, C, and D). Regarding significant differences 
between groups when looking at the amount of OTUs, 401 were found only in cattle co-
grazed with camels and 836 OTUs were shared between cattle co-grazed with camels 
and cattle grazed alone. Only one OTU showed 100% similarity with the RDP database, 
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which resulted from the 401 OTUs that were only present in cattle co-grazed with 
camels. This significant occurrence of individual OTUs between cattle grazed alone and 
cattle co-grazed with camels indicated that the co-grazing factor does affect the 
dynamics of rumen microbial populations in the same way as other factors, such as diet 
transition (Tajima et al. 2000), temperature (Moussa et al. 2006), and  antimicrobial 




The data presented here are among the first to characterize the bacterial communities 
in the rumen of cattle subject to co-grazing factors with different animal species, such as 
camels. The presence of camels in a co- grazing situation can change the flora and 
fauna of the foregut in cattle and influence the outcomes of any experiments. The 
analyses of community structure and principal components (PCoA) seemed to confirm 
the prevalence of certain types of bacteria over others when there was considerable 
clustering separation between these two groups. Further differentiation between the two 
groups was identified following an ANOVA analysis (that is built into QIIME) on each 
unique OTU was found to be significant. This information was complimented by the data 
on OTUs mean abundance (Appendices A, B, C, and D). The presence of 836 OTUs 
were shared between the groups of cattle co-grazed with camels and cattle grazed 
alone and the presence of 401 OTUs observed only in cattle co-grazed with camels was 
significant. Out of the 401 OTUs, only one OTU showed 100% similarity with RDP 
database, and the use of rarefaction analysis was satisfactory. Further research on 
bacterial populations other than the rumen, which is the surrounding spatial 
environment, is recommended in order to further understand the inter-relationship of 
these bacterial communities against the environmental factors that might show some 










Rumen and foregut microbial diversity of inocula from cattle grazed with camels, 
camels grazed with cattle, or camels grazed alone using 454 pyrosequencing; 




The Australian Rural Industries Research and Development Corporation (RIRDC) has 
funded research aimed to investigate the beneficial role of cattle-camels co-grazing and 
its potential as an alternative farming system to beef cattle alone in Central and 
Northern Australia. The foregut of dromedary camels (Camelus dromedarius) and other 
camelids consists of three compartments, while in true ruminants, such as cattle and 
sheep, there are four compartments. However, the characteristics of their digestive 
systems differs in anatomically, but functionally, they are similar. 
 
It has been found that cattle-camels co-grazing can increase the weight of livestock 
grazed per square kilometre up to 10%, without any adverse effect on the performance 
of cattle (Philips et al. 2001). The inclusion of camels in the beef cattle grazing system 
has also helped to reduce bush encroachment, especially prickly acacia (Acacia nilotica 
subsp. Indica), which had infested over six million hectares of native pasture, especially 
in the Mitchell grass region (March & Spies 2004; Philips et al. 2001). 
 
Under natural conditions, cross transfer of gut microbes happens continuously via saliva 
or faeces from the mother, or other animals within the group, together with 
contaminated feed, which contribute to the stomach development of young animals. It 
was also suggested that co-grazing camels with cattle results in the natural transfer of 
camel forestomach microbes to cattle (Miller et al. 1996), by sharing the same water 
troughs or foraging from the same plant (Philips et al. 2001). However, there has been 
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no research or evidence to support such a suggestion. Given that bacterial cross 
transfer is a case of evolutionary convergence between camelids and ruminants, 
comparative genomics on the community structure of the foregut bacterial consortium is 
worth the effort to illustrate how co-grazing contributes towards shaping gut 
communities of both camelids and ruminants. 
 
The objective of this experiment was to examine and to compare the bacterial diversity 
characteristics of foregut fluid inocula obtained from three groups of animals (cattle co-
grazed with camels, camels co-grazed with cattle, and camels grazed alone). The 
experiment in this chapter examined each 16s rRNA gene sequence, which represents 
all bacteria that build up the bacterial community structure within a FF sample that had 
been used as inocula in Chapter 5. 
 
7.2 Materials and methods  
 
The sampling was conducted on 25th October 2011 with a recorded maximum weather 
temperature of 28.6°C. All procedures were conducted in accordance with the 
guidelines of the Australian Code of Practice for the Care and Use of Animals for 
Scientific Purposes and were reviewed and approved by the University of Queensland 




Foregut fluid samples were collected from animals post mortem.  All animals were 
brought to the Meramist abattoir from the Australian Northern Territory free graze area 
that has pastures containing the dominant grasses of curly Mitchell grass and Flinders 
grass, some prickly acacia (Acacia nilotica), whitewood (Atalaya hemiglauca), and 
several other species of eucalypt that are the common browse, whereby all those 
pastures mentioned share similar grazing condition, as depicted in the previous chapter 




The groups of camels co-grazed with cattle and cattle co-grazed with camels grazed for 
about five weeks in a paddock adjacent to the slaughter plant in Meramist before 
processing. The camels and the cattle were separated by wire fencing that kept them 
apart, but within proximity to be in contact with each other. The separation was also 
made for easy handling before slaughter.  
 
Camels grazed alone grazed at the Meramist abattoir in a separate paddock without 
any presence of cattle with, or next to the paddock, for about a week before slaughter. 
The paddock had local grasses, which were a mix of Microlaena stipoides and 
Dichanthium sericeum as the only feed resources for all the animals in the Meramist 
paddock during the holding period before slaughter. 
 
7.2.2 Sampling  
 
RF samples were collected from six Brahman cross cattle that were co-grazed with 
camels, weighing approximately between 350-400 kg. For both camels co-grazed with 
cattle and camels grazed alone, six animals from each group were chosen to provide 
samples for FF. Camels (Camelus dromedarius) used in this experiment were 
harvested from the feral population of the central desert of Australia and weighed 
between 540-600 kg. All rumen contents were collected at post mortem at the Meramist 
abattoir within 15 minutes of slaughter. All animals were deprived of feed for 
approximately 24 hours prior to slaughter and were allowed access to fresh water. The 
samples of foregut contents were collected at post-mortem and were filtered through a 
four-layer cheesecloth. Approximately 40ml of the RF or FF was added to a 45ml 
Falcon tube. The RF or FF samples were initially stored at -20°C overnight and then 








7.2.3 Preparation of foregut fluid samples 
 
The frozen RF or FF sample was initially thawed on ice flake until all the contents in the 
tube returned to its original fluid form. Next, the RF or FF tube was then well re-
suspended by inverting several times and 1.5 ml of each fluid was pipetted out and was 
ready for DNA extraction prior to pyrosequencing.       
 
7.2.4 Pyrosequencing of 16s rRNA 
 
The pyrosequencing methodology applied to samples in this chapter is presented in 
Section 3.3, which outlines the steps taken from DNA extraction to data analysis by 
QIIME computational pipeline. As all RF or FF samples from both Richmond (Chapter 6) 
and Caboolture sampling sites were concurrently run in the same plate of the Roche 
454 Genome Sequencer, the raw data gathered from 454 pyrosequencing were also 
jointly mixed. However, the raw data that was retrieved only from Caboolture was 
identified by the unique MID barcode assigned for each sample usig a computational 
programming within QIIME software.  
 
7.2.4.1 Statistical analyses 
 
In order to identify any OTU that differed significantly between groups, a one-way 
ANOVA for each OTU was performed using SPSS Software (version 17.0). One-way 
ANOVA was performed on the parameter of animal groups using a parametric test and 
all available error estimates. The Tukey multiple comparisons test was applied as a post 
hoc test. The p value cut-off was 0.05. 
 
7.2.5 OTU quantification 
 
Identification of similar sequences to operational taxonomic units (OTUs) or Observed 
species was achieved by clustering sequences based on a 97% similarity threshold 
using the OTU picking step algorithm command in QIIME. Furthermore, exploitation of 
the data enabled the derivision of information with respect to phylogenetic diversity 
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(PD), whole tree metric, and Chao1 metric for each sample. Species richness of each 
sample was measured with Chao1, while the PD whole tree metric is simply the 
diversity measurement for each sample. 
 
7.2.6 Rarefaction analysis 
 
Rarefaction measurement simplifies the correction of species expectation by scaling 
down all the different sample sizes (seq/sample) to the same rate of seq/sample size. 
Resampling from an observed sample set meets the statistical expectation of the 
number of species accumulated by the seq/sample size. The analysis estimates the 
richness at smaller sample size by exploiting the information gathered by all the OTUs 
sampled, allowing for equivalent level of different seq/sample sizes among groups or 
communities.  
 
7.2.7 Principal Coordinate Analysis (PCoA) 
 
Principal Coordinate Analysis (PCoA) aids in the exploration of potential factors (such 
as co-grazing or grazing alone) that might explain the groupings of similar communities. 
PCoA visualized with Quantitative Insights into Microbial Ecology (QIIME) software was 
used to plot each sample to become one or more clusters so that a distance matrix 
measurement of variation for all samples was assessed. Visualization of the greatest 
amount of distance matrix variation in all the samples was captured and the distances 
between samples on a PCoA plot reflected the corresponding dissimilarities in their 
community membership or community structure.  
 
7.2.8 Tracing significant OTUs 
 
Specific or significant OTUs that present within particular animal groups were 
statistically identified using the QIIME software ANOVA. Using a false discovery rate 
(FDR) correction, a list of OTUs of interest with significant presence in certain groups 
not only can be traced, but also the co-occurrence (presence or absence), together with 
the abundance of the traced OTUs, are able to be interpreted. With the statistically 
significant presence of OTUs tabulated, an interest category of OTUs were chosen to 
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be investigated further. These were the OTUs that were only present in camels co-
grazed with cattle or not present in camels grazed alone, but present both in cattle co-




7.3.1 Sequence quantification  
 
A combined total of 101,169 sequences was obtained from all three groups of animals 
(Table 7.1). A total of 29,170 sequences with an average of 4,861.7 sequences per cow 
was obtained from the six cattle co-grazed with camels, while a total of 29,038 
sequences with an average of 4,839.7 sequences per camel was obtained from six 
camels co-grazed with cattle, and a total of 42961 sequences with an average of 7160.2 
sequences per camel was obtained from the six camels grazed alone. The high 
resolution of sequenced data gathered from each sample by 454 pyrosequencing 
allowed a comparison of community structure for each sample. 
 
Table 7.1  Non-chimeric sequence count  for six cattle co-grazed with camels, six camels grazed alone 
and six camels co-grazed with cattle after running 454 pyrosequencing for each sample.  
 
 
Cattle co-grazed with 
camels 
Camels grazed alone  











Cat_Co_C1 3618 Cam_Alone_C1 4235 Cam_Co_C1 6693 
Cat_Co_C2 6393 Cam_Alone_C2 5112 Cam_Co_C2 8471 
Cat_Co_C3 4221 Cam_Alone_C3 4690 Cam_Co_C3 8684 
Cat_Co_C4 5407 Cam_Alone_C4 3295 Cam_Co_C4 4518 
Cat_Co_C5 3925 Cam_Alone_C5 6705 Cam_Co_C5 5902 
Cat_Co_C6 5606 Cam_Alone_C6 5001 Cam_Co_C6 8693 
Total 29170 Total 29038 Total 42961 
Average 4861. 7 Average 4839.7 Average 7160.2 
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7.3.2 OTU quantification 
 
Observed species (OTU), species richness (Chao1), and phylogenetic diversity (PD) 
whole three metric for each FF sample within their groups are portrayed in Table 7.2. A 
combined total of 14,452 OTUs was obtained from all groups. A total of 5,493 OTUs 
with a mean average of 915.5 OTUs was gained from the six cattle co-grazed with 
camels, a total of 3,927 OTUs with mean average of 654.5 OTUs was gained from the 
six camels grazed alone, and a total of 5132.0 OTUs with the mean average of 855.3 
OTUs from camels co-grazed with cattle was retrieved. 
 
Nonetheless, it was observed that none of the group showed any significant difference 
for PD whole tree parameter. As for the observed species (OTUs) parameter, both 
groups of cattle co-grazed with camels and camels co-grazed with cattle showed higher 
(P<0.05) reading than camels grazed alone. Meanwhile, for Chao1 (species richness), 
each group was significantly different to each other with cattle co-grazed with camels, 
having the highest (p<0.05) species richness (1499.4), whilst a lower reading (P<0.05) 
of 1161.8 species richness was recorded for camels co-grazed with cattle, and the 














Table 7.2  Phylogenetic diversity (PD) whole tree metric, Chao1 and Observed species (OTUs) for each 
sample and mean average between camels grazed alone, cattle co-grazed with camels and camels co-
grazed with cattle. 
 
S.E.M Standard Error of Mean 
# * ∂ values are comparable only among same symbol   
a, b,c  means within rows for each type of parameter (PD whole three, Chao1 and Observed species) with different  
letters differ significantly (P<0.05). 
 
7.3.3 Rarefaction analysis 
 
Richness estimation allows an alternative to rarefaction in comparing richness among 
incompletely inventoried communities. Rarefaction curves of observed species for each 
sample among cattle co-grazed with camels, camels grazed alone, and camels co-
grazed with cattle are shown in Figure 7.1. The average rarefaction indices of PD whole 
tree, observed species (OTU), and species richness (Chao1) between cattle co-grazed 
with camels, camels grazed alone, and camels co-grazed with cattle are depicted in 
Table 7.3. To avoid bias due to unequal sequencing depth, rarefaction to a subsampling 
depth (determined by the minimum number of sequences in a sample from a single time 
point) of 1,435 sequencings/sample was selected for all samples to standardize the 
sequencing effort. With 1,435 seq/sample rate, the values of PD whole tree, Chao1, and 
observed species for cattle co-grazed with camels averaged at 55.5, 1375.7, and 721.6, 
respectively, while camels grazed alone averaged at 47.8, 782.6, and 461.2, 

























Cam_Alone_C1 56.1 918.4 625.0 Cat_Co_C1 56.2 1232.0 745.0 Cam_Co_C1 63.4 1205.3 844.0 
Cam_Alone_C2 61.3 889.2 678.0 Cat_Co_C2 73.6 1768.1 1165.0 Cam_Co_C2 70.2 1137.1 906.0 
Cam_Alone_C3 57.1 859.0 660.0 Cat_Co_C3 56.0 1397.7 757.0 Cam_Co_C3 72.4 1231.3 952.0 
Cam_Alone_C4 50.4 733.4 498.0 Cat_Co_C4 67.8 1562.0 1008.0 Cam_Co_C4 58.6 982.6 687.0 
Cam_Alone_C5 63.2 981.2 765.0 Cat_Co_C5 57.8 1479.7 806.0 Cam_Co_C5 63.0 1114.2 783.0 
Cam_Alone_C6 62.2 946.7 701.0 Cat_Co_C6 65.8 1556.8 1012.0 Cam_Co_C6 72.0 1300.3 960.0 
Tota l  350.3 5327.9 3927.0 Tota l  377.2 8996.2 5493.0 Tota l  399.7 6970.7 5132.0 
Mean 
Value 58.4
#  888.0*c  654.5∂ b 
Mean 
Value 62.9
#  1499.4*a  915.5∂ a 
Mean 
Value 66.6
#  1161.8*b  855.3∂ a 
S.E.M 4.1 113.6 83.4 S.E.M 4.1 113.6 83.4 S.E.M 4.1 113.6 83.4 
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Figure 7.1 Rarefaction curve of PD whole tree (a), observed species (b) and Chao1 (c) calculated after 
rarifying samples to equal sequencing rate. Each line on the figure represents the average (n=6) of all 
microbial belonging to a group of camels grazed alone (red), camels co-grazed with cattle (blue) cattle co-




Table 7.3 Rarifying data for camels grazed alone (Cam_alone_M), camels co-grazed with cattle 
(Cam_co_M) and cattle co-grazed with camels (Cat_co_M). Measurement for phylogenetic diversity (PD) 
















Cam_alone_M 10 3.878 0.387 39.883 6.491 9.35 0.373 
Cam_alone_M 295 26.095 0.346 479.427 14.233 168.867 1.434 
Cam_alone_M 580 34.294 0.631 587.927 57.279 268.35 6.353 
Cam_alone_M 865 40.249 0.796 693.031 42.737 345.767 10.205 
Cam_alone_M 1150 44.352 1.034 749.814 44.631 410.6 12.215 
Cam_alone_M 1435 47.767 1.266 782.594 42.638 461.183 15.58 
Cam_alone_M 1720 50.374 1.147 822.441 49.484 507.15 17.843 
Cam_alone_M 2005  nan  nan  nan  nan  Nan  nan 
Cam_alone_M 2290  nan  nan  nan  nan  Nan  nan 
Cam_alone_M 2575  nan  nan  nan  nan  Nan  nan 
Cam_alone_M 2860  nan  nan  nan  nan  Nan  nan 
Cam_co_M 10 3.793 0.207 42.717 5.289 9.483 0.254 
Cam_co_M 295 23.983 0.324 506.89 21.416 163.767 2.127 
Cam_co_M 580 32.697 0.652 682.868 55.151 266.267 3.413 
Cam_co_M 865 38.911 0.639 788.312 25.647 348.833 4.706 
Cam_co_M 1150 43.262 0.724 861.394 40.485 419.033 5.416 
Cam_co_M 1435 46.869 0.722 915.7 25.085 475.55 5.702 
Cam_co_M 1720 49.78 1.131 961.628 42.291 529.333 6.845 
Cam_co_M 2005 52.406 0.969 984.107 39.513 572.883 6.351 
Cam_co_M 2290 54.617 1.372 1016.651 50.196 615.067 8.312 
Cam_co_M 2575 56.807 1.348 1046.522 49.924 654.95 10.675 
Cam_co_M 2860 58.414 1.401 1055.685 57.057 687.067 11.428 
Cat_co_M 10 4.389 0.219 51.267 2.199 9.883 0.069 
Cat_co_M 295 30.229 0.789 827.38 43.264 231.4 3.411 
Cat_co_M 580 40.152 1.111 1078.001 83.078 394.617 7.942 
Cat_co_M 865 46.771 1.271 1194.79 72.793 524.45 13.16 
Cat_co_M 1150 51.733 1.5 1278.643 82.484 630.133 17.298 
Cat_co_M 1435 55.487 1.468 1375.657 82.415 721.633 20.448 
Cat_co_M 1720  nan  nan  nan  nan  Nan  nan 
Cat_co_M 2005  nan  nan  nan  nan  Nan  nan 
Cat_co_M 2290  nan  nan  nan  nan  Nan  nan 
Cat_co_M 2575  nan  nan  nan  nan  Nan  nan 






7.3.4 Community structure  
 
The bacterial communities of cattle co-grazed with camels, camels grazed alone, and 
camels co-grazed with cattle showed similar types of phyla, but different percentages of 
phylum composition (Figure 7.2). These differences allow comparison of statistically 
significant tests between groups (Table 7.4), as each sample within group showed a 
consistent percentage of relative abundance. Inclusion of a statistical component in 
phylogenetic evaluations is necessary in order to assess similarities between patterns 
detected for different genes or among multiple species (Gutierrez-Garcia & Vazquez-
Dominguez 2011). 
 
 Bacteroidetes were the most dominant phylum for all animal groups, but each animal 
group was significantly different (P<0.05) to each other. Bacteroidetes in camels co-
grazed with cattle had the highest (P<0.05) percentage of mean relative abundance of 
60.5%, while it had been lower (P<0.05) at 56.5% for camels grazed alone, and the 
lowest percentage at 46.7% for cattle co-grazed with camels. The percentage of mean 
relative abundance for Firmicutes was also significantly different for each animal group 
with cattle co-grazed with camels having the highest result (P<0.05) at 24.8%, camels 
grazed alone 19.3% and camels co-grazed with cattle lowest (P<0.05) at 14.8%.  This 
was a reversal of positions in comparison to results for Bacteriodetes.  
 
There    were    also    significant   differences    between    groups    for    Spirochaetes, 
Proteobacteria,   Lentisphaerae,    and    Fibrobacteres    as    shown    in   Figure   7.2. 
Fibrobacteres was significantly higher (P<0.05) in camels co-grazed with cattle at 8.0%, 
followed  by 2.8%  for camels grazed alone, and  0.4% for cattle co-grazed with camels. 
Lentisphaerae  was significantly higher (P<0.05) in both co-grazed  groups compared to 
camels grazed alone. Proteobacteria   was higher (P<0.05) in both camels grazed alone 
and   cattle   co-grazed   with   camels   compared   to   camels   co-grazed   with  cattle. 
Spirochaetes  was  highest  (P<0.05)  in  camels grazed alone at 5.1%, cattle co-grazed 
with  camels  (P<0.05)  at  4.0%  and  (P<0.05) 1.3% by  camels  co-grazed  with  cattle. 
Overall, there  were  21  identified  phyla  with  twelve  phyla being significantly different 









Figure 7.2. a) Bacterial distribution between cattle co-grazed with camels (Cat_Co_C1 to Cat_Co_C6), camels grazed alone (Cam_Alone_C1 to 
Cam_Alone_C6) and camels co-grazed with cattle (Cam_Co_C1 to Cam_Co_C6) from Caboolture sampling site evaluated at the phylum 













































   Archaea;p__Euryarchaeota 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Actinobacteria 0.0% 0.1% 0.1% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 
   Bacteria;p__Armatimonadetes 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Bacteroidetes 47.7% 45.6% 44.8% 47.8% 46.2% 48.1% 57.2% 56.6% 55.9% 58.0% 56.1% 55.1% 60.4% 60.5% 61.7% 60.4% 60.6% 59.5% 
   Bacteria;p__Chlamydiae 0.4% 0.4% 0.4% 0.4% 0.5% 0.3% 0.1% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Chlorobi 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Chloroflexi 0.7% 0.7% 0.5% 0.6% 0.2% 0.3% 0.0% 0.0% 0.2% 0.1% 0.2% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 
   Bacteria;p__Cyanobacteria 0.1% 0.3% 0.3% 0.5% 0.4% 0.2% 0.2% 0.3% 0.6% 0.4% 0.6% 0.6% 0.2% 0.6% 0.2% 0.3% 0.2% 0.5% 
   Bacteria;p__Elusimicrobia 0.6% 1.0% 0.4% 0.8% 0.5% 1.0% 0.2% 0.3% 0.1% 0.3% 0.3% 0.3% 0.1% 0.2% 0.2% 0.1% 0.3% 0.1% 
   Bacteria;p__Fibrobacteres 0.2% 0.4% 0.6% 0.4% 0.4% 0.5% 2.2% 2.6% 3.0% 2.8% 3.2% 2.8% 7.2% 8.5% 7.9% 7.7% 9.0% 7.4% 
   Bacteria;p__Firmicutes 25.7% 25.4% 23.7% 23.5% 25.8% 24.6% 17.9% 19.6% 20.3% 18.8% 19.0% 20.3% 15.8% 15.0% 14.4% 14.7% 13.9% 14.9% 
   Bacteria;p__Fusobacteria 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
   Bacteria;p__Lentisphaerae 7.8% 7.4% 13.6% 6.7% 9.5% 9.1% 3.1% 4.1% 2.6% 3.2% 1.9% 3.1% 7.2% 6.7% 6.5% 7.5% 7.5% 7.6% 
   Bacteria;p__Planctomycet es 0.0% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 
   Bacteria;p__Proteobacteria 7.1% 5.9% 4.6% 6.5% 6.1% 5.4% 7.5% 6.1% 6.2% 7.2% 6.9% 6.1% 0.8% 1.0% 1.0% 1.4% 1.1% 1.2% 
   Bacteria;p__SR1 0.2% 0.4% 0.1% 0.4% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 
   Bacteria;p__Spirochaetes 2.5% 3.5% 5.5% 3.9% 4.6% 3.8% 5.4% 4.6% 4.2% 5.3% 5.4% 5.7% 1.8% 1.3% 1.2% 1.0% 1.1% 1.4% 
   Bacteria;p__Synergistetes 0.2% 0.1% 0.1% 0.3% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 
   Bacteria;p__TM7 0.4% 0.3% 0.2% 0.4% 0.2% 0.1% 0.3% 0.1% 0.4% 0.0% 0.2% 0.1% 1.2% 1.1% 1.1% 1.1% 1.0% 1.4% 
   Bacteria;p__Tenericutes 6.2% 7.8% 5.0% 6.7% 5.1% 6.0% 5.8% 5.5% 6.3% 3.8% 6.1% 5.6% 5.1% 4.9% 5.5% 5.5% 5.2% 5.8% 
   Bacteria;p__Verrucomicrobia 0.1% 0.2% 0.1% 0.5% 0.1% 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.1% 




Table 7.4 Statistical analysis of phylum composition between cattle co-grazed with camels, camels 
grazed alone and camels co-grazed with cattle from Caboolture sampling site. Twelve significant 
differences (p<0.05) of phylum were observed from the total list of 21 phylum analysed. Reading value of 
1 being equal to 100 % mean composition of phylum. 
 














1) Actinobacteria 0.00067 a 0.00000 b 0.00017 ab 0.00052 
2) Armatimonadetes 0.00033 0.00017 0.00000 0.00019 
3) Bacteroidetes 0.46700 c 0.56483 b 0.60517 a 0.00134 
4) Chlamydiae 0.00400 a 0.00050 b 0.00000 b 0.00056 
5) Chlorobi 0.00017  0.00000  0.00000  0.00019 
6) Chloroflexi 0.00500 a  0.00083 b 0.00017 b 0.00027 
7) Cyanobacteria 0.00300 0.00450 0.00333 0.00121 
8) Elusimicrobia 0.00717 a 0.00250 b 0.00167 b 0.00096 
9) Fibrobacteres 0.00417 c 0.02767 b 0.07950 a 0.02112 
10) Firmicutes 0.24783 a 0.19317 b 0.14783 c 0.02543 
11) Fusobacteria 0.00000  0.00017 0.00000 0.00019 
12) Lentisphaerae 0.09017 a 0.03000 b 0.07167 a 0.01931 
13) Planctomycetes 0.00050  0.00000  0.00017  0.00057 
14) Proteobacteria 0.05933 a 0.06667 a 0.01083 b 0.00724 
15) SR1 0.00200 a 0.00000 b 0.00033 ab 0.00176 
16) Spirochaetes 0.03967 b 0.05100 a 0.01300 c 0.00131 
17) Synergistetes 0.00150 0.00020 0.00020 0.00142 
18) TM7 0.00267 b 0.00183 b 0.01150 a 0.00092 
19) Tenericutes 0.06133 0.05517 0.05333 0.00634 
20) Verrucomicrobia 0.00183 0.00050 0.00050 0.00151 
21) WPS-2 0.00067 0.00000 0.00017 0.00058 
 














While similar dominant phylotypes were shown for all animal groups, different scenarios 
were found at the family level (Figure 7.3). As seen in Table 7.5 the Prevotellaceae 
family was dominant in camels grazed alone at 34.2% mean relative abundance and 
which was significantly higher (P<0.05) compared to both co-grazing groups. 
Prevotellaceae (25.6%, P<0.05) was found in camels co-grazed with cattle while ony 
7.7% was seen in cattle co-grazed with camels. In both co-grazing groups an 
unclassified family (derived from Bacteroidales order) was shown to be a dominant 
family (P<0.05) at 37.5 %, cattle co-grazed with camels: (P<0.05) at 33.3 % by camels 
co-grazed with cattle. This was significantly different to the group of camels grazed 
alone (P<0.05) at 20.0 %. Other distinct differences of family composition between 
groups were also shown by Fibrobacteraceae, which was highest (P<0.05) in camels 
co-grazed with cattle, Catabacteriaceae was highest (P<0.05) in cattle co-grazed with 
camels, Lachnospiraceae and Spirochaetaceae were higher (P<0.05) in both cattle co-
grazed with camels and camels grazed alone, Alcaligenaceae was higher (P<0.05) in 
camels grazed alone, and VadinHA31 was higher (P<0.05) in cattle co-grazed with 
camels. Overall, there were 71 identified families with 42 families showing significant 
differences (P<0.05) in value when comparing the composition of family percentage 
among all animal groups (Table 7.5). A comparison of host animal highlighted 21 





























































   o__Methanobacteriales; f__Methanobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Actinomycetales; f__Propionibacteriaceae 0.0%  0.1%  0.1%  0.0%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Coriobacteriales;f__Coriobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  
   c__SJA-176;o__;f__ 0.1%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Bacteroidales;f__ 39.3%  37.3%  34.3%  38.1%  37.3%  38.4%  19.5%  20.4%  20.2%  19.4%  19.2%  21.1%  33.8%  32.9%  33.9%  33.5%  32.7%  33.0%  
   o__Bacteroidales;f__Porphyromonadaceae 1.9%  1.6%  1.7%  1.6%  1.5%  1.4%  2.4%  2.9%  2.5%  1.4%  2.5%  2.3%  1.9%  1.8%  1.8%  1.4%  1.3%  1.4%  
   o__Bacteroidales;f__Prevotellaceae 6.5%  6.7%  8.9%  8.1%  7.4%  8.3%  35.3%  33.3%  33.3%  37.2%  34.4%  31.8%  24.7%  25.8%  26.1%  25.5%  26.5%  25.0%  
   c__Flav obacteria; o__;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.1%  
   c__Chlamydiae;o__; f__ 0.4%  0.4%  0.4%  0.4%  0.5%  0.3%  0.1%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__OPB56;o__;f__ 0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Anaerolineales;f__Anaerolinaceae 0.6%  0.6%  0.4%  0.5%  0.2%  0.2%  0.0%  0.0%  0.2%  0.1%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Dehalococcoidales;f__Dehalococcoidaceae 0.1%  0.1%  0.1%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__YS2;f__ 0.1%  0.3%  0.3%  0.5%  0.4%  0.2%  0.2%  0.3%  0.6%  0.3%  0.6%  0.6%  0.2%  0.6%  0.2%  0.2%  0.2%  0.4%  
   o__Streptophyta; f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Elusimicrobiales;f__ 0.1%  0.2%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  
   o__Elusimicrobiales;f__Elusimicrobiaceae 0.1%  0.7%  0.2%  0.5%  0.2%  0.7%  0.2%  0.1%  0.0%  0.0%  0.2%  0.0%  0.1%  0.0%  0.1%  0.0%  0.2%  0.0%  
   c__Endomicrobia;o__; f__ 0.4%  0.1%  0.1%  0.2%  0.2%  0.2%  0.0%  0.3%  0.1%  0.2%  0.1%  0.3%  0.1%  0.1%  0.1%  0.1%  0.1%  0.0%  
   o__Fibrobacterales;f__Fibrobacteraceae 0.2%  0.4%  0.6%  0.4%  0.4%  0.5%  2.2%  2.6%  3.0%  2.8%  3.2%  2.8%  7.2%  8.5%  7.9%  7.7%  9.0%  7.4%  
   o__Haloplasmatales;f__Haloplasmataceae 0.1%  0.1%  0.0%  0.0%  0.1%  0.1%  0.0%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.2%  0.1%  
   o__Lactobacillales; f__Streptococcaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.2%  0.2%  0.2%  0.2%  0.0%  0.2%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__ 2.7%  3.7%  4.1%  3.6%  3.1%  3.6%  1.9%  2.7%  2.9%  2.3%  3.4%  2.6%  2.6%  2.5%  1.8%  2.0%  2.1%  2.2%  
   o__Clostridiales; f__Carboxydocellaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Catabacteriaceae 4.0%  3.6%  3.9%  2.7%  4.0%  3.8%  0.8%  0.7%  0.6%  0.6%  0.6%  0.7%  0.6%  0.5%  0.5%  0.5%  0.5%  0.5%  
   o__Clostridiales; f__Clostridiaceae 0.2%  0.1%  0.2%  0.2%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Clostridiales Family XIII. Incertae Sedis 0.4%  0.4%  0.1%  0.6%  0.3%  0.2%  0.2%  0.2%  0.5%  0.5%  0.2%  0.3%  0.1%  0.2%  0.1%  0.1%  0.0%  0.1%  
   o__Clostridiales; f__Dehalobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Eubacteriaceae 0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Lachnospiraceae 8.4%  9.0%  7.5%  8.2%  8.2%  7.8%  7.8%  7.0%  8.0%  7.6%  8.0%  8.9%  4.9%  4.6%  5.1%  4.7%  4.4%  4.5%  
   o__Clostridiales; f__Ruminococcaceae 9.4%  8.0%  7.1%  7.3%  8.6%  8.2%  5.5%  6.9%  6.4%  6.2%  5.2%  6.4%  5.1%  5.1%  4.6%  4.9%  4.7%  5.3%  
   o__Clostridiales; f__Syntrophomonadaceae 0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Clostridiales; f__Veillonellaceae 0.4%  0.6%  0.8%  0.8%  1.3%  0.8%  1.4%  1.8%  1.5%  1.5%  1.5%  1.2%  2.4%  2.1%  2.1%  2.4%  2.0%  2.1%  
   o__Fusobacteriales; f__Fusobacteriaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Victiv allales;f__ 0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Victiv allales;f__Victivallaceae 5.6%  4.7%  6.9%  3.1%  6.3%  4.6%  2.8%  3.5%  2.1%  2.7%  1.5%  2.3%  5.5%  5.5%  5.6%  5.9%  6.4%  6.1%  
   c__Lentisphaerae;o__Z20;f__ 2.2%  2.6%  6.8%  3.6%  3.2%  4.4%  0.3%  0.6%  0.6%  0.5%  0.3%  0.7%  1.7%  1.2%  1.0%  1.6%  1.0%  1.5%  
   o__Pirellulales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  
   o__Pirellulales;f__Pirellulaceae 0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__Alphaproteobacteria;o__;f__ 2.8%  1.8%  1.3%  2.2%  2.4%  1.5%  1.7%  2.0%  1.9%  2.1%  1.7%  2.0%  0.4%  0.4%  0.4%  0.7%  0.3%  0.5%  
   o__Kiloniellales; f__Kiloniellaceae 0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.2%  0.2%  0.1%  0.1%  0.1%  0.1%  0.1%  0.1%  0.1%  0.1%  
   o__Rhodospirillales; f__Rhodospirillaceae 0.1%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.1%  
   o__Rickettsiales;f__ 0.2%  0.2%  0.1%  0.2%  0.3%  0.2%  0.1%  0.1%  0.1%  0.0%  0.0%  0.1%  0.1%  0.1%  0.1%  0.0%  0.2%  0.1%  
   o__Sphingomonadales; f__Sphingomonadaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__Alcaligenaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  3.7%  2.3%  2.5%  3.2%  2.9%  2.4%  0.0%  0.0%  0.0%  0.1%  0.1%  0.0%  
   o__Burkholderiales;f__Burkholderiaceae 0.1%  0.1%  0.0%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Burkholderiales;f__Oxalobacteraceae 0.1%  0.0%  0.1%  0.1%  0.1%  0.0%  0.2%  0.0%  0.3%  0.1%  0.1%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Neisseriales; f__Neisseriaceae 0.9%  1.0%  0.7%  0.7%  0.4%  0.7%  0.0%  0.1%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  
   o__Rhodocyclales;f__Rhodocyclaceae 0.4%  0.2%  0.4%  0.4%  0.2%  0.9%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   c__Deltaproteobacteria;o__; f__ 0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Desulfobacterales;f__Desulfobulbaceae 0.0%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Desulfuromonadales; f__Geobacteraceae 0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Desulfuromonadales; f__Pelobacteraceae 0.6%  0.3%  0.2%  0.4%  0.1%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Myxococcales; f__Polyangiaceae 0.8%  1.2%  1.2%  1.0%  1.7%  1.1%  0.2%  0.2%  0.2%  0.4%  0.2%  0.4%  0.0%  0.1%  0.1%  0.1%  0.1%  0.1%  
   o__Campylobacterales; f__Campylobacteraceae 0.9%  1.0%  0.6%  1.3%  0.7%  0.6%  1.5%  1.4%  1.0%  1.0%  1.7%  1.0%  0.2%  0.2%  0.2%  0.2%  0.2%  0.3%  
   p__SR1;c__;o__;f__ 0.2%  0.4%  0.1%  0.4%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.1%  0.0%  0.0%  
   p__Spirochaetes;c__M1NP2-04;o__;f__ 0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Sphaerochaetales;f__Sphaerochaetaceae 0.1%  0.4%  0.3%  0.6%  0.4%  0.0%  0.6%  0.4%  0.9%  0.4%  0.6%  0.9%  0.4%  0.1%  0.2%  0.2%  0.4%  0.2%  
   o__Spirochaetales;f__Spirochaetaceae 2.4%  3.1%  5.2%  3.2%  4.2%  3.8%  4.9%  4.1%  3.3%  4.9%  4.8%  4.8%  1.4%  1.1%  0.9%  0.8%  0.7%  1.2%  
   o__Synergistales; f__Dethiosulfovibrionaceae 0.2%  0.1%  0.0%  0.2%  0.0%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  
   o__Synergistales; f__Synergistaceae 0.1%  0.0%  0.1%  0.1%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   p__TM7;c__TM7-3;o__CW040;f__F16 0.4%  0.3%  0.2%  0.4%  0.2%  0.1%  0.3%  0.1%  0.4%  0.0%  0.2%  0.1%  1.2%  1.1%  1.1%  1.1%  1.0%  1.4%  
   o__Erysipelotrichales;f__ 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.2%  0.0%  0.1%  0.1%  0.0%  0.1%  
   o__Erysipelotrichales;f__Erysipelotrichaceae 0.1%  0.2%  0.1%  0.1%  0.1%  0.0%  1.0%  1.0%  1.3%  1.6%  0.8%  1.1%  0.2%  0.2%  0.1%  0.4%  0.2%  0.2%  
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   o__Erysipelotrichales;f__vadinHA31 4.9%  5.9%  4.0%  4.9%  4.0%  4.9%  2.3%  2.2%  2.3%  1.2%  2.9%  2.2%  2.0%  2.2%  2.4%  2.3%  2.3%  2.4%  
   c__ML615J-28;o__;f__ 0.7%  0.6%  0.4%  0.9%  0.5%  0.7%  0.6%  0.8%  0.6%  0.3%  0.8%  0.5%  0.3%  0.3%  0.3%  0.2%  0.2%  0.3%  
   o__Anaeroplasmatales;f__Anaeroplasmataceae 0.2%  0.3%  0.2%  0.4%  0.3%  0.0%  1.0%  0.7%  1.2%  0.4%  1.0%  0.9%  1.4%  1.1%  1.3%  1.6%  1.5%  1.5%  
   p__Tenericutes;c__Mollicutes;o__RF39;f__ 0.3%  0.9%  0.3%  0.4%  0.1%  0.3%  0.7%  0.7%  0.8%  0.3%  0.6%  0.9%  1.0%  1.0%  1.3%  1.0%  1.1%  1.2%  
   p__Verrucomicrobia;c__Opitutae;o__;f__ 0.1%  0.2%  0.1%  0.4%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   o__Puniceicoccales; f__Puniceicoccaceae 0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.1%  
   p__Verrucomicrobia;c__TP21;o__;f__ 0.0%  0.1%  0.0%  0.1%  0.0%  0.1%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  
   p__WPS-2;c__;o__;f__ 0.0%  0.1%  0.0%  0.1%  0.0%  0.2%  0.0%  0.0%  0.0%  0.0%  0.0%  0.0%  0.1%  0.0%  0.0%  0.0%  0.0%  0.0%  
 
Figure 7.3. a) Bacterial distribution between cattle co-grazed with camels (Cat_Co_C1 to Cat_Co_C6), camels grazed alone (Cam_Alone_C1 to 
Cam_Alone_C2) and camels co-grazed with cattle (Cat_Co_C1 to Cat_Co_C6) from Caboolture sampling site evaluated at the family taxonomical 
level. Initial alphabet for each classification stand for p=phylum, c=class, o=order and f=family. b) The spesific family abundance (%) for each 












Table 7.5 Statistical analysis of family composition between cattle co-grazed with camels, camels grazed 
alone and camels co-grazed with cattle from Caboolture sampling site. 42 significant differences (P<0.05) 
of phylum were listed from the total list of 71 family analysed. Reading value of 1 equal to 100% mean 
composition of family. 
 
Taxonomy at Family level (from total of 71 family) 
Cattle co-











1. o__Actinomycetales;f__Propionibacteriaceae 0.001 a 0.000 b 0.000 b 0.000 
2. o__Bacteroidales;f__ 0.375 a 0.200 b 0.333 c 0.023 
3. o__Bacteroidales;f__Porphyromonadaceae 0.016 b 0.023 a 0.016 b 0.005 
4. o__Bacteroidales;f__Prevotellaceae 0.077 c 0.342 a 0.256 b 0.026 
5. c__Chlamydiae;o__;f__ 0.004 a 0.001 b 0.000 b 0.001 
6. o__Anaerolineales;f__Anaerolinaceae 0.004 a 0.001 b 0.000 b 0.001 
7. o__Elusimicrobiales;f__Elusimicrobiaceae 0.004 a 0.001 b 0.001 b 0.002 
8. o__Fibrobacterales;f__Fibrobacteraceae 0.004 c 0.028 b 0.080 a 0.017 
9. o__Lactobacillales;f__Streptococcaceae 0.000 b 0.002 a 0.001 b 0.001 
10. o__Clostridiales;f__ 0.035 a 0.026 ab 0.022 b 0.008 
11. o__Clostridiales;f__Catabacteriaceae 0.037 a 0.007 b 0.005 b 0.021 
12. o__Clostridiales;f__Clostridiaceae 0.002 a 0.000 b 0.000 b 0.000 
13. o__Clostridiales;f__Clostridiales Family XIII. Incertae Sedis 0.003 a 0.003 a 0.001 b 0.001 
14. o__Clostridiales;f__Lachnospiraceae 0.082 a 0.079 a 0.047 b 0.008 
15. o__Clostridiales;f__Ruminococcaceae 0.081 a 0.061 b 0.050 b 0.013 
16. o__Clostridiales;f__Veillonellaceae 0.008 c   0.015 b 0.022 a 0.003 
17. o__Victivallales;f__Victivallaceae 0.052 a 0.025 b 0.058 a 0.006 
18. c__Lentisphaerae;o__Z20;f__ 0.038 a 0.005 b 0.013 b 0.008 
19. c__Alphaproteobacteria;o__;f__ 0.020 a 0.019 a 0.005 b 0.001 
20. o__Rickettsiales;f__ 0.002 a 0.001 b 0.001 ab 0.001 
21. o__Sphingomonadales;f__Sphingomonadaceae 0.000 b 0.001 a 0.000 b 0.000 
22. o__Burkholderiales;f__Alcaligenaceae 0.000 b 0.028 a 0.000 b 0.007 
23. o__Burkholderiales;f__Burkholderiaceae 0.001 a 0.000 b 0.000 b 0.000 
24. o__Burkholderiales;f__Oxalobacteraceae 0.001 ab 0.002 a 0.000 b 0.001 
25. o__Neisseriales;f__Neisseriaceae 0.007 a 0.000 b 0.000 b 0.002 
26. o__Rhodocyclales;f__Rhodocyclaceae 0.004 a 0.000 b 0.000 b 0.001 
27. o__Desulfobacterales;f__Desulfobulbaceae 0.001 a 0.000 b 0.000 b 0.000 
28. o__Desulfuromonadales;f__Pelobacteraceae 0.003 a 0.000 b 0.000 b 0.001 
29. o__Myxococcales;f__Polyangiaceae 0.012 a 0.003 b 0.001 b 0.002 
30. o__Campylobacterales;f__Campylobacteraceae 0.009 b 0.013 a 0.002 c 0.003 
31. p__SR1;c__;o__;f__ 0.002 a 0.000 b 0.000 ab 0.001 
32. o__Sphaerochaetales;f__Sphaerochaetaceae 0.003 b 0.006 a 0.003 b 0.001 
33. o__Spirochaetales;f__Spirochaetaceae 0.037 a 0.045 a 0.010 b 0.009 
34. o__Synergistales;f__Synergistaceae 0.001 a 0.000 b 0.000 b 0.000 
35. p__TM7;c__TM7-3;o__CW040;f__F16 0.003 b 0.002 b 0.012 a 0.005 
36. o__Erysipelotrichales;f__ 0.000 b 0.000 b 0.001 a 0.000 
37. o__Erysipelotrichales;f__Erysipelotrichaceae 0.001 b 0.011 a 0.002 b 0.001 
38. o__Erysipelotrichales;f__vadinHA31 0.048 a 0.022 b 0.023 b 0.006 
39. c__ML615J-28;o__;f__ 0.006 a 0.006 a 0.003 b 0.001 
40. o__Anaeroplasmatales;f__Anaeroplasmataceae 0.002 c 0.009 b 0.014 a 0.003 
41. p__Tenericutes;c__Mollicutes;o__RF39;f__ 0.004 b 0.007 ab 0.011 a 0.003 
42. p__Verrucomicrobia;c__Opitutae;o__;f__ 0.002 a 0.000 b 0.000 b  0.000 
 




7.3.5 Principal Coordinate Analysis (PCoA) 
 
 
Three vector spaces or axes were subsequently assigned to explain as much of the 
variation as possible, which is unexplained by other axes (Lozupone & Knight 2005). 
The first axes, PC1 vs PC2 accounted for 74.55 % of the sample variation, the second 
axes, PC3 vs PC2 accounted for 37.90 % of the sample variation, and the third axes, 
PC1 vs PC3 accounted for 63.35 % of sample variation. PCoA at all axes described 
high variations as all samples within groups were clearly combined with each other, but 
distinctly separated between groups (Figure 7.4). This demonstrated that the bacterial 
communities of cattle co-grazed with camels, camels co-grazed with cattle, and camels 
grazed alone were distinguishable from one another. The plots of PCoA that produced 
meaningful clustering suggest an affirmation of the distinct variations previously 






Figure 7.4. PCoA analysis of sample between camels grazed alone (red), cattle co-grazed with camels 
(green) and camels co-grazed with cattle (blue) sourced from Caboolture abattoir sampling. The 







7.3.6 Tracing significant OTUs 
 
433 OTUs were identifiedand isolated as being statistically present only in camels co-
grazed with cattle, prior to Ribosomal Database Project (RDP) evaluation with BLAST 
reference for GenBank identification (Appendix E) and further subject to Greengenes 
(http://greengenes.lbl.gov/) to identify the closest cultured related microorganisms 
(Appendix F). The RDP results revealed that all sequences were between 45.3 and 
99.2% similarity to sequences from uncultured bacteria with 17 belonging to the phylum 
Bacteroidetes, 18 to Firmicutes (1 Oscillospira sp. included), 15 to Fibrobacteres, 4 to 
Lentisphaerae, 2 to Cyanobacterium, and 1 to Spirochaetes. Only 36 of these OTUs 
showed ≥95 % similarity, which could then be identified to the genus level when 
assigned with an RDP classification. As for Greengenes results, 20 OTUs were closely 
related (≥97% similarity) to known cultured species of bacteria. The highest abundance 
of OTUs only present in camels co-grazed with cattle were OTUs with number 0, 31028, 
and 42395 and with percentage abundance of 9.9%, 4.0%, and 2.4%, respectively, 
which also shared close similarity to bacterial isolates  of Alistipes spp. at similarities of 
83.24%, 84.18%, and 83.57%, respectively.     
 
As for OTUs that were absent in camels grazed alone, but present both in cattle co-
grazed with camels and camels co-grazed with cattle, an amount of 326 OTUs had 
been sorted out. The RDP evaluation (Appendix G) showed that all sequences were 
between 53.8 and 100.0% similar to sequences from uncultured bacteria with 7 
belonging to the phylum Bacteroidetes, 16 to Firmicutes (1 Oscillospira sp. included), 3 
to Fibrobacteres, 10 to Lentisphaerae, 2 to Spirochaetes, and 1 to Tenericutes. The one 
with 100 % similarity was identified as genus Lachnospiracea incertae sedis, belonging 
to OTU number 2572. Only 46 of these OTUs showed ≥95 % of similarity, which could 
be identified to the genus level when assigned with RDP classification. As for 
Greengenes results, 12 OTUs were found to be closely related (≥97 % similarity) to 
known cultured species of bacteria (Appendix H). The highest abundance of OTU in 
cattle co-grazed with camels was OTU number 170 with a percentage abundance of 
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0.4%, which showed 87.14% similarity to bacteria culture of Clostridium 
phytofermentans, while the highest abundant OTU in camels co-grazed with cattle was 
OTU number 10 with a percentage abundance of 1.5%, which showed 83.16% of 





The first foregut microbiome survey of the feral dromedary camels associated with co-
grazing was conducted using high throughput pyrosequencing of 16S rRNA.  Briefly 
described, the goal of this study was to investigate the extent to which bacterial OTUs 
are shared between the different groups of host species, where local opportunities for 
transmission and colonisation occurred. A general outline of this microbiota at higher 
taxonomic level analyses showed that the same two phyla (Bacteroidetes and 
Firmicutes) were the most abundant within the bacterial community of all three groups 
of animals, but each group differed in the relative abundance of the different phyla. An 
attempt from a previous study had also tried to analyse 16S rRNA gene sequences from 
the camels foregut microbial diversity in an experiment involving intensive feeding 
conditions (Bhatt et al. 2013). In that study the authors found the three major phyla of 
Bacteroidetes, Firmicutes, and Proteobacteria as having relative abundance of 55.5%, 
22.7%, and 9.2%, respectively, while other phyla which were present in minor 
proportion were omitted. Distribution at the family level showed the presence of 
Bacteroidaceae at 61.46%, Porphyromonadaceae at 13.23%, Clostridiaceae at 6.66%, 
and Eubacteriaceae at 6.37% in the sequenced sample.   
 
In contrast, the present high-throughput investigation yielded 21 bacterial phylotypes 
with 56.5% for Bacteroidetes, 19.3% for Firmicutes, and 6.7% for Proteobacteria for 
camels grazed alone, while camels co-grazed with cattle yielded 60.5% for 
Bacteroidetes, 14.8% for Firmicutes, and 1.1% for Proteobacteria (Table 7.4). The 
results of the present study observed that the Bacteroidetes percentage composition 
was 56.5%, which is similar to that reported by Bhatt et al. (2013) for handfed camels, 
(55.5 %). Taken together, the similarities between the present study and those of 
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intensively fed camels (Bhatt et al. 2013) indicates that at this phylum-level of analysis, 
the composition of camels gut bacteria was remarkably stable within host species of 
grazed alone and co-grazing, despite the differences in geography and diet, or even 
differences in grazing system of co-grazing or grazing alone. 
 
However, when camels are co-grazed with cattle, the composition of Bacteroidetes was 
significantly higher (p<0.05) at 60.5%. This indicates that co-grazing camels with cattle 
does affect the bacterial structure at the phylum level. However, the distribution of 
bacteria at the family level revealed the absence of the two families, Bacteroidaceae 
and Eubacteriaceae. Instead, an unclassified family originating from the order 
Bacteroidales was dominant with 20.0% for camels grazed alone and 33.3% in camels 
co-grazed with cattle (Table 7.5). This striking contrast is illustrated by the sensitivity of 
high throughput technology that might be the result of different feeding treatments. Bhatt 
et al. (2013) fed the camels intensively on legume based feeds that comprised of 
groundnut hulm mixed with Guar pod husk, while this study was based on animals fed 
ad libitum on indigenous forage (Mitchell grass and Flinders grass). Moreover, different 
percentages of the dominant bacterial family in the present study that was found in 
camels co-grazed with cattle at 33.3% had a higher (p<0.05) percentage than camels 
grazed alone with the reading of 20.0%, which might be the result of the influence of the 
co-grazing system as cattle co-grazed with camels had the highest (p<0.05) percentage 
of the dominant family at 37.5% (Table 7.5).  
 
Another finding by Samsudin et al. (2011) which investigated camel foregut bacteria 
found that Firmicutes was dominant in camel foregut at the phylum-level.  This is in 
contrast to the results of this study, even though the sampling was taken from the same 
geographical region. Additionally, it also contradicted the results reported from the 
intensively fed camels (Bhatt et al. 2013). This disparity was due to the different 
approaches applied by Samsudin et al. (2011) that utilised a cloning method, whereby 
sequencing relied on the selection of clone libraries, which was not a thorough 
examination since camels foregut contain highly diverse bacterial communities. The 
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differences in findings between Samsudin et al. (2011) and this present study may be 
attributed to the high throughput sequencing method which was used in this research.  
 
Notably, at family level (Figure 7.3), the three groups of animals studied showed 
significant differences in populations of Fibrobacteraceae and Prevotellaceae, which 
included Fibrobacter succinogenes (one of the main cellulolytic bacteria) and Prevotella 
(active hemicellulolytic, and proteolytic bacteria), respectively. Camels co-grazed with 
cattle had the highest (P<0.05) composition of Fibrobacteraceae than the other groups, 
while the highest (P<0.05) composition of Prevotellaceae belonged to camels grazed 
alone (Table 7.5). The higher abundance of a particular bacteria within any group might 
be the effect of an ecological niche that is wide enough to be replaced by other bacteria 
with similar or higher metabolic capabilities, which eventually favoured the growth of the 
newly occupied bacterial taxa in the rumen (Jami & Mizrahi 2012).     
 
Nevertheless, this present study still has some limitations as the characterisation of 
other important microbes in the foregut, such as protozoa, that play an important role in 
forage digestion, was not carried out. To date, no research has looked into the effects of 
co-grazing with different species on foregut bacterial populations. This is because, the 
majority of studies of microbial populations affected by environmental factors have 
focused on temperature (Moussa et al. 2006), antimicrobial tolerance (Goel et al. 2005; 
Nelson et al. 1998), and diet transition (Tajima et al. 2000). 
 
An additional advantage of QIIME analysis is the potential for sorting OTUs that were 
generated from a vast number of gene sequences into three different evaluation scales, 
which were observed species (OTUs), PD whole tree (diversity), and Chao1 (species 
richness). The results discriminated between grazed alone and co-grazing animals at 
the scale of observed species as both camels co-grazed with cattle and cattle co-grazed 
with camels had significantly higher (P<0.05) reading than camels grazed alone (Table 
7.2). At the higher resolution scale of Chao1, all groups were significantly different from 
camels co-grazed with cattle as it showed the highest reading (P<0.05) among all 
groups, followed by cattle co-grazed with camels, and finally, camels grazed alone 
(Table 7.2). In view of the higher species richness showed by camels co-grazed with 
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cattle compared to camels grazed alone, co-grazing did affect the foregut by increasing 
the total composition of bacteria within their host environment. The rarefaction curves as 
a function of the number of sequences from each sample had largely reached 
asymptote, indicating that for most of these samples, sampling of just 1,435 
sequencings/sample was sufficient to reflect their richness (Table 7.3). 
 
In order to compare whole bacterial communities between samples, the multivariate 
method of PCoA was applied based on a phylogenetic approach. The weighted Unifrac 
PCoA analysis revealed that different animal groups carried different bacterial 
communities (Figure 7.4). There appears to be some correlation with the estimated 
richness indices (Chao1) and the spatial distribution observed over the three axes of the 
PCoA analyses. Therefore, the PCoA was more likely to be influenced by shifts in 
frequency and abundance of organisms among animal groups, whereas diversity 
indices may not explicitly apply weight to the relative abundance for each clustering 
group.  
 
In addition, determination of gross differences among groups by comparing the bacterial 
composition at higher taxonomic levels (e.g. phylum or family) showed the extent of 
microbiota in camels modulated by the influence of co-grazing cattle. However, the 
degree to which individual OTUs that were shared among host species could be located 
in greater detail was determined by FDR corrected ANOVA that enabled interrogation of 
each OTU distribution among each sample group. Plus, in order to approximate the 
variation of bacterial species from the library of 16S rRNA gene sequences, the same 
similarity threshold of 97 % cut-off that was used when assigning OTUs was applied. 
There were some genera, such as Escherichia and Shigella, which had less than 97 % 
variation between them and could also exceed 97 % within individual genomes (Pei et 
al. 2010). This cut-off limitation raises the argument concerning the relevance of the 
species concept for bacteria, which is receiving considerable attention at the moment 
(Barraclough et al. 2012). Nonetheless, a substantial number of 326 bacterial OTUs 
may be shared between different host species of co-grazed camels and co-grazed 
cattle (Appendix G). Bacterial genomes subsequently undergo greater characterisation 
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to determine the extent to which identical bacteria may be shared between different host 
species. Therefore, further characterisation of identical bacteria that were shared 
between different host species of bacterial genomes was determined by RDP (Appendix 
G) and Greengenes (Appendix H) classifications.  
 
While there were many OTUs shared between samples from camels co-grazed with 
cattle and cattle co-grazed with camels, there were also some 433 OTUs that were only 
present in camels co-grazed with cattle (Appendices E and F). This extra number of 
OTUs that only occur in camels co-grazed with cattle could be related to the greater 
sequencing depth achieved by camels co-grazed with cattle (Table 7.3), as well as the 
relative phylogenetic differences between these host species, which has recently been 
shown to be important in driving the composition of the gut microbiota. These results 
support the idea of the gastrointestinal tract as a changing ecosystem, whereby 
adaptable microbial communities are replaced continually by functional bacterial 
species in each host (Caporaso et al. 2011). Furthermore, this suggests that the method 
used for 16S rRNA gene screens assigned to select detailed OTUs in the range length 
of 250 to 600 bp discovered identical or different base sequences from multiple host 
groups.  
 
Additional research is needed to address the occurrence of bacterial OTUs in multiple 
host species, even though direct host to host contact principally could occur, indirect 
environmental contamination, which could be on faecal material that can be dispersed 
in the drinking water, could also take place. Some studies have considered faeces from 
livestock production as important sources of bacterial inoculation of food and the 
environment (Romero-Perez et al. 2013). Alternatively, the environmental component 
(water, soil and air) could be a transportation mechanism or source of bacteria for all 
host species without a specific need for faecal-oral contamination. It is clear that there is 
the potential for contact betwee camels and cattle during co-grazing, but direct contact 
alone cannot account for the occurrence of identical 16S rRNA gene sequences in 
multiple samples. Additional research is certainly needed to further elucidate and 
delineate the nature, the direction, and the meaning of the relationships between the 
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It was discovered that some bacterial OTUs were present in all animals, whilst others 
appear to be more specific to particular host species. Despite the obvious differences 
between the biological host species of camels and cattle, a substantial proportion of 
bacterial OTUs (defined at 97% of sequence similarity) was shared between host 
species. Recovery of identical base sequences (at a minimum of 250 bp and maximum 
of 600 bp) within OTUs from multiple types of host species ultimately reinforces the 
notions that these OTUs are indeed shared, rather than being divergent variants of 
some ancestral taxa.  Distinct differences among groups that were achieved by 
comparison of the bacterial composition at higher taxonomic levels (e.g. phylum or 
family) showed the extent of microbiota in camels modulated by the influence of co-
grazing cattle. Further analysis of well-defined variation measurement by PCoA 
revealed that different animal groups carried different bacterial communities (Figure 
7.4). 
 
However, all of the results could not adequately provide this study with the conclusion 
that OTUs in different host species possibly reflect host specific adaptations. To rule out 
that possibility, a whole genome sequencing analysis of different hosts from day 1 of co-
grazing for a fixed time period will be required. Distinct patterns of taxa distribution was 
observed among host species, which might imply different roles in the foregut of the 
host. Likewise, the bacterial function and the host requirement for that function could 
lead to different patterns of taxa among host species. It should be noted that the 
characteristic of individual bacterial species must be included in order to understand the 
compositional variation in gut microbiota. Further insight of digestive ecology within the 
host is achieved by comparisons of whole genome with key bacterial species from 




General discussion and conclusion 
 
8.1 Introduction  
 
Fermentation ability and ruminal microbial communities were examined through in vitro 
fermentation analysis and comprehensive pyrosequencing of 16S ribosomal RNA gene, 
for cattle or camels foregut fluid samples from different groups of animals sourced from 
two different locations. As fermentation was carried out  by the microbes harvested from 
the compartmental stomach of foregut, the results revealed different patterns of 
fermentation products among the groups of co-grazing and grazing alone animals.  
 
The composition and the richness of those microbes were then investigated by 
pyrosequencing consistently throughout this study to identify the differences of microbial 
community structures between grazed alone and co-grazed animals. Studying the 
microbial factors enables the establishment of a relationship between co-grazing and 
microbial community structures in the foregut of cattle and camels, which could explain 
the differences obtained from in vitro studies and fermentation end products.  It would 
also improve our understanding of the foregut microbial ecosystem and generate 
valuable novel set of data on biochemical and microbiological information between 
different species of animals sharing the feed and water resources while co-grazing. 
 
8.2 Ruminal fermentation capacity  
 
Inocula from cattle co-grazed with camels from Richmond had better degrading 
capability and achieved higher  dry matter digestibility of Mitchell grass than those from 
cattle grazed alone and produced greater amounts of n-butyrate. Inocula of camels co-
grazed with cattle from Caboolture produced higher dry matter digestibility for Mitchell 
grass and also shared the capability for higher dry matter digestibility with cattle co-
grazed with camels for Lucerne hay. These findings might further support the concept of 
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ecosystem alteration in rumen microbes when applying co-grazing systems on local 
pasture, which is Mitchell grass. 
 
Camels co-grazed with cattle also produced more (P<0.05) n-Butyric acid in the Mitchell 
grass treatment compared to camels grazed alone and cattle co-grazed with camels. 
The results of biochemical analysis suggested that co-grazing may change the rumen 
ecosystem in beneficial ways. The fermentation studies resulting in gas and VFA 
production rates offered more insight into the processes that occur in in vitro evaluation 
systems. The results also indicated that caution is required in the interpretation of gas 
production profiles, particularly for forage of low nutrient composition. 
 
8.3 High throughput studies of microbial habitat  
 
The distribution of microbial organisms across different habitat types (co-grazed or 
grazed alone) had been established and the correlation with their phylogeny, both in 
terms of the β-diversity (variation across groups) of microbial communities and the 
habitat range of each microbe. Assessment of the 16S rRNA gene obviously showed 
differentiation of the bacterial diversity between co-grazed and grazed alone or between 
different animal hosts (cattle or camels). This 16S rRNA gene assessment had also 
been applied to differentiate host and free-living communities, planktonic saline and 
non-saline communities, and soil and sediment communities (Lozupone & Knight 2007). 
It was suggested that microbial habitat preferences had been fairly stable over 
evolutionary time, as shown by the association between habitat types and phylogeny in 
an analysis combining phylogenetically-informative marker genes identified in 
metagenomic studies, comparison of the isolation environment for cultured organisms, 
and 16S rRNA gene surveys (von Mering et al. 2007). Correlation between phylogenetic 
information and habitat in microbial communities (Tables 6.2 and 7.2) only provided 
useful first approximation for habitat range, as phylogeny alone does not specifically 
predict habitat range for any individual microbes. 
 
In addition, the comparative genomic analyses was able to identify genomic changes 
associated with differences in specific taxa (Binnewies et al. 2006; Cho et al. 2010; 
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Deng et al. 2010), as seen in this study between grazed alone and co-grazed animals. 
Genome sequences reflect the adaptation of microbial taxa to different habitats or 
lifestyles. Other examples of habitat adaptation identified in genomic studies include 
changes in the aggregate functional profiles of microbial communities along gradients of 
depth (DeLong et al. 2006), reduced genome size in intracellular endosymbionts (Moran 
et al. 2008), increased rRNA copy number in fast-growing microorganisms (Vieira-Silva 
& Rocha 2010), and increased acidic amino acids in response to salinity (Rhodes et al. 
2010).  
 
New findings in research of microbial ecology have been increasingly contextualised 
when the combination of phylogenetic and genomic or metagenomic information 
leverage utilization of available genome, marker gene, and metagenome sequence data 
to allow better understanding of microbial diversity (Merhej et al. 2009; Zaneveld et al. 
2010).  
 
454 pyrosequencing molecular tools allow deeper phylogenetic coverage of the gut 
microbiota and have demonstrated the presence of a highly complex bacterial 
community ecosystem between grazed alone and co-grazing system, whether it was 
camels or cattle. Comparative analysis that involved matching sequenced genomes to 
habitat assignments are discussed in the following sections.  
 
8.4 Categorizing OTUs to their habitat for comparative evaluation  
 
In order to observe microbial genomes in response to different environments or systems 
between grazed alone and co-grazed animals, sequencing large numbers of 
phylogenetically representative complete genomes directly from those environments 
provides a clear association between individual sequenced microorganisms or OTUs 
and their habitats.  
 
Determination of baseline factors (co-grazed and grazed alone) that drive such variation 
is crucial when investigating microbes’ habitat adaptation in order to understand how 
microbial communities vary across sample groups (microbial β diversity). Besides, 
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PCoA clustering methods have been widely and successfully applied to address these 
questions. By assessing the microbial composition of each microbial community, 
clustering methods allow an assessment of the extent to which communities are 
partitioned into distinct clusters, or arrayed along a continuous gradient based on 
environmental factors (Ramette 2007). 
 
Clustering analyses performed on microbial community composition data acquired via 
16s rRNA gene was used for discriminate bacterial communities by identifying 
environmental factors that contribute to both large and small scale differences between 
communities. The large scale differences by PCoA analysis were observed in data 
derived from the Meramist Abattoir, Caboolture sampling, while small scale differences 
was obtained from the Runnymede Station, Richmond. This analysis proved that 
differences exist between co-grazed and grazed alone animals in terms of microbial 
diversity. 
 
Other than that, clustering methods aid the organisation of OTUs to gain better results 
from high throughput studies by appointing identifying the environmental parameters 
which are the most important in structuring community diversity. This approach has 
gained interest within the research community particulary where vast numbers of 
samples, encompassing billions of sequences need to be used for comparative 
analysis. In order to meet this demand, accurate information or background details 
about the samples (often called metadata) are the key concern. Defining relevant 
metadata parameters with their working habitat categories are crucial because many 
investigations, including this co-grazing study, rely heavily on the lifestyle or habitat 
categories. 
 
8.5 Phylogenetic comparative methods  
 
Once QIIME collected sufficient genomes and linked them to the environment that 
sustained the genome, understanding which genes or other properties of the genome 
that are specifically associated with specific environmental conditions was achievable.  
Therefore, each OTU sequence cannot be counted as an independent observation 
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when conducting statistical analyses. Instead, the phylogenetic distance that relates 
OTUs must be taken into account (Tables 6.2 and 7.2). Significant patterns have been 
observed by plotting relevant metadata traits (habitat and pathogenicity status) against 
phylogenetic distance via several examinations of microbial adaptation to the human gut 
(Zaneveld et al. 2010) and genomic changes associated with growth rate (Vieira-Silva & 
Rocha 2010). Their findings revealed some useful information of trends that can largely 
be explained by phylogeny (e.g. similarity in gene content) (Vieira-Silva & Rocha 2010) 
and those that can only be partially explained by phylogeny (e.g. gene content during 
adaptation to life in the gut) (Zaneveld et al. 2010). However, the importance of this well 
established phylogenetic comparative method is often biased because the selection for 
genome sequencing is not distributed evenly (Wu et al. 2009) and this causes 
inaccuracy of interpretation when the traits are correlated with phylogeny.  
 
To overcome this problem, rarefaction is applied, in which data is evened out across 
categories by discarding members of overrepresented taxa. Even though rarefaction 
provides a useful tool for the inspection of data that and reduces the effects of 
oversampling, it also suffers from the limitation that it frequently discards a large portion 
of the data when there is presence of a least sampled taxon. Nonetheless, the 
usefulness of unsophisticated rarefaction methods against phylogenetic distance 
suggests that inclusion of other parameters, such as Chao1 and observed species in 
rarefaction adjustment, could add further value in the study of microbial diversity.  
 
Accurate information for estimating the richness of species in microbial communities 
should enhance the understanding of the structure that underlies the ecosystem of 
ruminal composition. However, genetic differentiation potentially provides more 
information on functional properties than of species number, and the lack of this 
information will occur when the focuses is only on species richness (Martin 2002). Thus, 
a more informative assessment of diversity is more preferable because it incorporates 
information about the phylogeny of the species sampled. The relevant question is not 
just to know if the communities between cattle grazed alone and co-grazed cattle have 
varying number of species, but if the communities are comprised of different 
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phylogenetic groups and different levels of genetic diversity. Even the determination to 
define a species itself had been argued literally (Martin 2002). For each of these 
estimates, the criterion and inconsistencies of what define a species is no more the 
subject matter. The relationships and the degree of divergence among sequences 
provided by the phylogenetic diversity (PD) whole tree metric are useful enough for 
necessary information. 
 
8.6 Relating OTUs to the environment 
 
One way to understand possible interactions between animal groups that might be 
influenced by different or similar environments is through the application of co-
occurrence analysis of OTUs by ANOVA with the false discovery rate (FDR) corrected. 
For instance, an environment that supports similar OTUs, such as those seen for the  
presence of 836 OTUs in both cattle co-grazed with camels and cattle grazed alone 
(Richmond sampling site, Appendix C) or seen from the presence of 326 OTUs in both 
cattle co-grazed with camels and camels co-grazed with cattle (Caboolture sampling 
site, Appendix G), allow syntrophic relationships, whereby some organisms in the 
environment produce metabolites that are consumed by others, thereby permitting 
positive co-occurrence across samples. However, competitive species might negatively 
co-occur due to similar metabolic requirements and it might cause the exclusion of 
some other species. This scenario was seen from 401 OTUs that had been statistically 
present only in cattle co-grazed with camels (Richmond sampling site, Appendix A) or 
433 OTUs that was statistically present only in camels co-grazed with cattle (Caboolture 
sampling site, Appendix E). The co-occurrence patterns, sometimes, are confounded 
because both positive and negative associations can also be driven by other 
environmental factors, such as climate or accessible feed (Chaffron et al. 2010; Horner-
Devine et al. 2007). The difference in the depth of sample sequencing between 
environmental specimens could also obscure co-occurrence patterns, especially for rare 
OTUs. 
 
In fact, biological properties that drive associations among microbes can be clarified by 
combining co-occurrence studies with comparative genomics. For example, analysis 
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regarding co-occurrence patterns on 3000 distinct sampling events for which sequence 
data were deposited in GenBank, had been carried out by the assessment of the subset 
of OTUs, for which close relatives had genome sequences (Chaffron et al. 2010). Their 
finding showed that positive associations in the 16S rRNA gene OTUs network reflects 
known or suspected syntrophic associations, such as a consortium involved in the 
anaerobic oxidation of methane. However, general trends indicate that shared 
environmental factor was the major force that drove those positive associations.  
 
8.7 Microbial transfer  
 
 
Attempts to map the whole rumen microbial genome of co-grazed and cattle grazed 
alone, or differences between animal species using metagenomic community surveys, 
have revealed the presence of certain microbes in a particular animal host. However, 
this is not the only proof that the microbe is tailor-made for co-grazing. If a spatial 
environment is linked by high rates of migration, relatively abundant organisms in the 
spatial environment can primarily migrate from the spatial source (Kawecki 2000), rather 
than cross transfer between animals.  
 
However, appropriate techniques for inferring microbial transfer in a grazing system, or 
any particular environment, rather than mere presence of community surveys should 
also involve the evaluation of microbial composition from the surrounding medium that 
facilitates microbial transfer, such as soil, air, and water. For example, forensic 
investigation of a drowning case trying to correlate between microbial community from 
the discovery sites (sea and river) and the microbial community located in the internal 
body of the drowned victim (Kakizaki et al. 2012). The investigation should apply a high 
throughput 454 pyrosequencing on V7 and V8 target regions of 16S rRNA gene and 
reveal a community of diverse aquatic microbes in blood and organs of the drowning 
victims, which could be similar to the water from the discovery sites. This new approach 
in the field of forensic science has been found to be useful to support a constructive 
explanation of death when conventional diatom testing of lungs yielded insufficient 




8.8 General conclusion  
 
With pyrosequencing technologies, the 16S rRNA genes in a sample could be made 
possible for analysis without having to isolate or to cultivate organisms in order to 
amplify DNA separately. By tagging each sample with unique DNA barcodes and 
pooling together into a single sequencing run, different samples can be used for survey 
purposes and compared with very few sequencing efforts, dramatically reducing the 
time for sample preparation, sequencing costs, and data analysis. 
 
Large scale studies pertaining to the microorganisms and their environmental conditions 
were achieved by the increasing availability of 16S rRNA gene and metagenomic 
community surveys, in combination with new genome sequences. Large collections of 
community surveys with supporting metadata have been used to detect genomic 
variations associated with different environmental conditions between grazed alone and 
co-grazing. Statistical tools facilitate the reconstruction and the investigation of 
significant OTUs involved in environmental adaptation, and for inferring correlations in 
species abundance. In addition, QIIME computational programming provides 
accessible, high throughput pipelines that combine all the clustering, classification, and 
statistical tools to gain biological insight from the efforts of a large-scale sequence 
collection provided by 454 pyrosequencing. The assessment of genetic materials from 
the uncultured microbial majority enables predictions about the life-style of these 
collective OTUs based on their closest similarity.  
 
The outlook into the life of uncultured microorganisms has allowed a new leap that has 
led to a breakthrough of discoveries of new gene sequences from various and massive 
amounts of uncultured microbes. Referencing via database sequences is partially 
biased since they use the closest degree relative to the existing sequencing. Moreover, 
most organisms in the databases have been resilient to isolate and culture, and 




The data presented here are among the first to characterize the bacterial communities 
in the rumen of cattle subject to co-grazing factors with different animal species, such as 
camels. Based on the results obtained, it can be speculated that although bacterial 
communities have the ability to adapt and to survive, only those equipped with better 
adaption would occupy or prevail in the ecological niches left by others unable to cope 
with co-grazing factors. Those better equipped bacteria have seemed to overtake and 
adapt in the rumen environment. The presence of camels at a site may influence the 
results of this present experiment. Greater abundance and higher resilience of certain 
bacterial communities compared to others may become a factor that restores their 
existence and allows them to thrive even with access to a poor nutrient source (such as 
Mitchell grass), although this may affect the ecosystem diversity for better or worse. 
 
Furthermore, there were distinct fermentation abilities which were developed in the 
foregut associated with co-grazing and grazing alone systems. Bacterial communities 
associated with co-grazing and grazing alone of both camels and cattle were also 
distinct. Collectively, these results clearly identify the variations in foregut microbial 
ecosystems and the different fermentation patterns in responses to existing multi 
species grazing. Such bacterial community sensitivity to co-grazing combined with 
better fermentation capability points towards the opportunity to develop novel strategies 
to enhance the production of beef cattle in northern Australia under conditions similar to 
those investigated in the present study.  
 
Although the natural establishment of microbes in the compartmental stomach is of 
interest from both a biochemical and a microbial perspective, this present study is still 
unable to reach a conclusion with reference to the transfer of anaerobic symbiotic 
rumen microorganisms among hosts of the same or different species in order to achieve 
functional ruminal fermentation. However, this present study does offer a starting point 
for the evaluation of microbes involved in the development within a rumen ecosystem. 
In depth knowledge of microbes in the environment, such as air, water, and soil, might 
reveal wider findings that could lead to the microbes involved in the transfer 
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Appendix A. List of 401 OTUs that statistically presence only in cattle co-grazed with camels (Cat_ Co_R) with ANOVA analysis using false discovery rate (FDR) 
correction. OTUs were classified us ing data from the Ribosomal Database Project (RDP) and referenced data from the GenBank (BLAST) database. Closest 
relative and reference according to GenBank is listed along with its accession number and percent identity. # Reading value of 1 represent 100% composition, 
meanwhile E-05 represent value divide by 100,000. 
Number OTU Cat_Co_R # Cat_alone_R # classification Accession no. Similarity % Bacterium 
1.  27 0.000157456 0 Prevotellaceae AY578433 100.00 uncultured bacterium 
2.  15846 0.000121832 0 Spirochaetales JF639199 99.60 uncultured bacterium 
3.  1244 0.000389252 0 Bacteroidetes JF666394 99.10 uncultured bacterium 
4.  14231 6.09E-05 0 Prevotella JF618916 99.00 uncultured bacterium 
5.  10856 7.87E-05 0 unclassified_Bacteria JF647331 98.70 uncultured bacterium 
6.  12795 6.87E-05 0 Bacteroidetes JF656907 98.30 uncultured bacterium 
7.  382 6.87E-05 0 unclassified_Bacteria JF635679 98.30 uncultured bacterium 
8.  3967 0.000454605 0 Clostridiales JF644593 98.00 uncultured bacterium 
9.  64 0.000104398 0 Prevotella JF667139 97.80 uncultured bacterium 
10.  27841 0.000274417 0 Prevotella JF613990 97.70 uncultured bacterium 
11.  24604 0.000244042 0 unclassified_Bacteria JF641411 97.70 uncultured bacterium 
12.  39974 0.000205748 0 unclassified_Bacteria JF656604 97.70 uncultured bacterium 
13.  30185 0.000886268 0 Prevotella JF656127 97.50 uncultured bacterium 
14.  23396 0.000879317 0 Prevotella JF643929 97.50 uncultured bacterium 
15.  3477 0.000139644 0 Bacteroidetes JF662348 97.50 uncultured bacterium 
16.  3738 0.000361231 0 Sphingobacteriales JF614882 97.40 uncultured bacterium 
17.  21342 0.00087947 0 Prevotella JF619535 97.30 uncultured bacterium 
18.  28887 0.00032277 0 Prevotella JF613827 97.30 uncultured bacterium 
19.  7414 0.000208796 0 Lachnospiraceae JF644715 97.30 uncultured bacterium 
20.  32635 0.000112211 0 Bacteroidetes JF645353 97.20 uncultured bacterium 
21.  8902 0.001797086 0 Bacteroidales JF621081 97.10 uncultured bacterium 
22.  14700 0.000328018 0 Methanobrevibacter GU198332 97.10 uncultured archaeon 
23.  41662 0.000271857 0 Prevotellaceae JQ912918 97.00 uncultured bacterium 
24.  3851 0.00024661 0 Clostridium IV AB244165 97.00 uncultured rumen bacterium 
25.  1482 6.09E-05 0 Lachnospiraceae EU843134 97.00 uncultured bacterium 
26.  608 0.000230935 0 Ruminococcaceae JF635490 96.90 uncultured bacterium 
27.  23958 0.000302502 0 Clostridiales HM105197 96.70 uncultured bacterium 
28.  282 4.35E-05 0 Prevotella JF657676 96.70 uncultured bacterium 
29.  508 4.35E-05 0 Prevotellaceae JF652646 96.60 uncultured bacterium 
30.  34958 4.35E-05 0 Hallella JF635089 96.60 uncultured bacterium 
31.  39580 4.35E-05 0 Lachnospiraceae JF638840 96.50 uncultured bacterium 
32.  8202 0.00060478 0 Bacteroidetes HM105036 96.40 uncultured Bacteroidetes bacterium 
33.  1662 0.000104398 0 Treponema HM104711 96.40 uncultured Spirochaetes bacterium 
34.  19390 7.87E-05 0 Bacteroidales JF630823 96.40 uncultured bacterium 
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Appendix A continued 
35.  15023 0.000528685 0 unclassified_Bacteria JF656965 96.10 uncultured bacterium 
36.  654 0.000165314 0 Bacteroidetes JF572953 96.10 uncultured bacterium 
37.  816 4.35E-05 0 Prevotella JF664881 96.00 uncultured bacterium 
38.  3256 0.000353419 0 Prevotella JF656089 95.90 uncultured bacterium 
39.  1968 0.000348818 0 Bacteroidetes JX272126 95.80 uncultured rumen bacterium 
40.  3330 0.000366196 0 Bacteroidetes JF649734 95.60 uncultured bacterium 
41.  6043 0.000112211 0 unclassified_Bacteria JF630440 95.60 uncultured bacterium 
42.  1493 4.35E-05 0 Prevotellaceae JF625310 95.30 uncultured bacterium 
43.  2442 7.87E-05 0 Bacteroidetes EU461429 95.10 uncultured bacterium 
44.  9604 0.000274477 0 Bacteroidetes JF630839 95.00 uncultured bacterium 
45.  9648 0.000183126 0 Prevotella JF639590 95.00 uncultured bacterium 
46.  533 4.35E-05 0 Selenomonas HM105046 95.00 uncultured Firmicutes bacterium 
47.  24187 0.000404062 0 Prevotella JF618960 94.90 uncultured bacterium 
48.  1242 6.87E-05 0 Lachnospiraceae JF628020 94.90 uncultured bacterium 
49.  1012 4.35E-05 0 Bacteroidetes JF648598 94.90 uncultured bacterium 
50.  1337 0.000236183 0 Prevotellaceae JF622759 94.80 uncultured bacterium 
51.  4676 0.000223396 0 Prevotella JF658606 94.80 uncultured bacterium 
52.  1322 8.70E-05 0 Treponema HM105135 94.80 uncultured Spirochaetes bacterium 
53.  17098 6.87E-05 0 Victivallis HM104750 94.80 uncultured Lentisphaerae bacterium 
54.  106 0.000121832 0 Lachnospiracea_incertae_sedis JF667071 94.70 uncultured bacterium 
55.  40753 0.000101564 0 Prevotellaceae JQ912918 94.50 uncultured bacterium 
56.  5611 4.35E-05 0 Selenomonas JF641396 94.50 uncultured bacterium 
57.  35717 0.000364065 0 Bacteroidales JF621081 94.40 uncultured bacterium 
58.  1556 0.000130446 0 Veillonellaceae JF660865 94.40 uncultured bacterium 
59.  41075 0.000338441 0 Firmicutes JF640033 94.30 uncultured bacterium 
60.  2280 0.000299663 0 Clostridiales JF664561 94.30 uncultured bacterium 
61.  5746 6.09E-05 0 Hallella JF615512 94.30 uncultured bacterium 
62.  34660 0.000205748 0 unclassified_Bacteria JF633202 94.20 uncultured bacterium 
63.  2003 0.00035058 0 Clostridiales JF629708 94.10 uncultured bacterium 
64.  4394 0.000285337 0 Bacteroidetes JF655643 94.00 uncultured bacterium 
65.  1801 0.000251855 0 unclassified_Bacteria HM104804 94.00 uncultured proteobacterium 
66.  335 0.00034577 0 Ruminococcaceae JF640711 93.90 uncultured bacterium 
67.  261 0.000147456 0 Prevotellaceae JF667338 93.90 uncultured bacterium 
68.  8826 0.000157456 0 Prevotella JF664465 93.80 uncultured bacterium 
69.  1680 8.70E-05 0 Ruminococcaceae JF619593 93.80 uncultured bacterium 
70.  195 4.35E-05 0 Ruminococcaceae JF636722 93.80 uncultured bacterium 
71.  1190 0.000208796 0 Treponema JF645029 93.70 uncultured bacterium 
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72.  578 0.000264418 0 Bacteroidetes JF629356 93.60 uncultured bacterium 
73.  669 7.61E-05 0 Ruminococcaceae JF617369 93.60 uncultured bacterium 
74.  30094 0.000714375 0 Bacteroidetes HM104896 93.50 uncultured Bacteroidetes bacterium 
75.  191 6.09E-05 0 Prevotella JF650856 93.50 uncultured bacterium 
76.  39393 4.35E-05 0 Prevotella JF646885 93.50 uncultured bacterium 
77.  12987 0.000285277 0 Prevotella JF642526 93.30 uncultured bacterium 
78.  23712 7.87E-05 0 Prevotellaceae JF645809 93.30 uncultured bacterium 
79.  3193 0.000302502 0 Clostridiales AY578471 93.20 uncultured bacterium 
80.  33441 4.35E-05 0 Prevotella JF639107 93.20 uncultured bacterium 
81.  43 0.002854657 0 Bacteroidales JF621081 93.10 uncultured bacterium 
82.  2723 0.00012221 0 Firmicutes JF648739 93.10 uncultured bacterium 
83.  8116 4.35E-05 0 Bacteroidetes HM104997 93.10 uncultured Bacteroidetes bacterium 
84.  1557 0.000271857 0 TM7_genera_incertae_sedis  JF665251 93.00 uncultured bacterium 
85.  630 0.000257257 0 Bacteroidetes JF658439 93.00 uncultured bacterium 
86.  5670 0.000190561 0 Clostridiales JF631262 93.00 uncultured bacterium 
87.  27301 0.000163068 0 Desulfobulbus JF624607 93.00 uncultured bacterium 
88.  3214 0.000310584 0 Prevotella JF655794 92.90 uncultured bacterium 
89.  27837 0.000199175 0 Prevotellaceae JF651859 92.90 uncultured bacterium 
90.  25597 4.35E-05 0 unclassified_Bacteria JF629405 92.90 uncultured bacterium 
91.  28024 0.00013702 0 Prevotella JF646433 92.80 uncultured bacterium 
92.  1097 0.000112211 0 Porphyromonadaceae JF644983 92.60 uncultured bacterium 
93.  2088 0.000190561 0 Clostridiales JX272167 92.50 uncultured rumen bacterium 
94.  9601 7.61E-05 0 Prevotellaceae JQ912918 92.50 uncultured bacterium 
95.  8753 6.87E-05 0 Porphyromonadaceae JF658168 92.50 uncultured bacterium 
96.  17407 0.000531733 0 Prevotellaceae JF629452 92.40 uncultured bacterium 
97.  19034 0.000505835 0 Ruminococcaceae JF634176 92.30 uncultured bacterium 
98.  1334 7.87E-05 0 Lachnospiraceae JF662012 92.20 uncultured bacterium 
99.  27225 0.000370853 0 Prevotella JF637013 92.10 uncultured bacterium 
100.  25000 0.000223396 0 unclassified_Bacteria JF645186 92.10 uncultured bacterium 
101.  32128 0.00012221 0 Prevotellaceae JF648304 92.10 uncultured bacterium 
102.  36277 0.002380212 0 Bacteroidales JF621081 91.90 uncultured bacterium 
103.  39813 4.35E-05 0 Bacteroidetes JF629356 91.80 uncultured bacterium 
104.  1216 0.000829634 0 Bacteroidetes JF658285 91.60 uncultured bacterium 
105.  32255 6.87E-05 0 Lachnospiraceae JN834365 91.60 uncultured bacterium 
106.  11165 7.87E-05 0 Firmicutes JF640033 91.50 uncultured bacterium 
107.  16521 4.35E-05 0 unclassified_Bacteria JF656779 91.50 uncultured bacterium 
108.  29241 0.000304958 0 Bacteroidetes AY578406 91.40 uncultured bacterium 
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109.  4090 0.000112211 0 Ruminococcaceae JF564178 91.20 uncultured bacterium 
110.  28307 6.87E-05 0 Treponema JF655963 91.20 uncultured bacterium 
111.  4420 0.000121832 0 Bacteroidetes JF645450 91.10 uncultured bacterium 
112.  3162 4.35E-05 0 Clostridiales_Incertae Sedis XIII JF651923 91.10 uncultured bacterium 
113.  745 0.000472367 0 Sphingobacteriales JF626305 91.00 uncultured bacterium 
114.  18259 6.09E-05 0 Victivallis HM105091 91.00 uncultured Lentisphaerae bacterium 
115.  1494 0.000558729 0 Ruminococcaceae JN803680 90.90 uncultured organism 
116.  1820 7.61E-05 0 Bacteroidales EU844052 90.80 uncultured bacterium 
117.  12857 6.87E-05 0 Bacteroidetes EU459514 90.80 uncultured bacterium 
118.  2596 0.00020655 0 Ruminococcaceae JF630135 90.60 uncultured bacterium 
119.  8586 7.87E-05 0 Bacteroidales JF538069 90.60 uncultured bacterium 
120.  9922 0.000312771 0 Bacteroidetes JF639054 90.40 uncultured bacterium 
121.  35835 0.000256395 0 Bacteroidetes JF659459 90.40 uncultured bacterium 
122.  15685 0.000170293 0 Clostridiales EU461420 90.40 uncultured bacterium 
123.  25164 0.000101564 0 Bacteroidetes JF652079 90.40 uncultured bacterium 
124.  778 6.87E-05 0 Clostridiales GU959544 90.40 uncultured Firmicutes bacterium 
125.  2347 4.35E-05 0 Sphingobacteriales JF664701 90.40 uncultured bacterium 
126.  1762 0.000727213 0 Streptococcus AY939295 90.20 uncultured bacterium 
127.  28316 0.00023442 0 Prevotella JF649023 90.20 uncultured bacterium 
128.  14862 0.000230935 0 Bacteroidetes JF644780 90.10 uncultured bacterium 
129.  46 7.87E-05 0 unclassified_Bacteria JF662670 90.10 uncultured bacterium 
130.  1906 0.000600295 0 Saccharofermentans JF629757 90.00 uncultured bacterium 
131.  873 0.000203128 0 Firmicutes JF635314 89.80 uncultured bacterium 
132.  11467 6.87E-05 0 Ruminococcaceae JF536911 89.80 uncultured bacterium 
133.  2107 0.000267102 0 Prevotella JF621982 89.70 uncultured bacterium 
134.  2111 7.61E-05 0 unclassified_Bacteria JF616054 89.70 uncultured bacterium 
135.  30985 0.000302334 0 Prevotella JF640138 89.60 uncultured bacterium 
136.  33403 0.000188528 0 Prevotella JF652105 89.60 uncultured bacterium 
137.  1272 0.000119586 0 unclassified_Bacteria JF583691 89.60 uncultured bacterium 
138.  30940 0.000442369 0 Clostridiales JF616011 89.50 uncultured bacterium 
139.  789 0.000490876 0 Sphingobacteriales AB244116 89.40 uncultured rumen bacterium 
140.  26272 6.09E-05 0 Treponema JF648166 89.40 uncultured bacterium 
141.  28827 0.000170293 0 Prevotella JF656849 89.30 uncultured bacterium 
142.  6641 0.000165314 0 Ruminococcaceae JF662476 89.30 uncultured bacterium 
143.  844 4.35E-05 0 Lachnospiraceae JF633715 89.30 uncultured bacterium 
144.  2081 0.000242657 0 Lachnospiraceae JF540587 89.20 uncultured bacterium 
145.  42483 0.000220936 0 Prevotella AF018513 89.20 unidentified rumen bacterium 
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146.  470 0.000101564 0 Lachnospiraceae JF658127 89.00 uncultured bacterium 
147.  37020 0.000319936 0 Clostridiales JF657659 88.90 uncultured bacterium 
148.  25302 0.000152207 0 Firmicutes JF665923 88.90 uncultured bacterium 
149.  23771 6.09E-05 0 Firmicutes JF635314 88.90 uncultured bacterium 
150.  7314 6.09E-05 0 Bacteroidetes JF660393 88.90 uncultured bacterium 
151.  17209 0.000852934 0 Bacteroidetes HM104896 88.80 uncultured Bacteroidetes bacterium 
152.  7960 0.000422147 0 unclassified_Bacteria JF657280 88.80 uncultured bacterium 
153.  3960 0.000233559 0 Bacteroidetes JF622989 88.80 uncultured bacterium 
154.  20682 0.000173127 0 Ruminococcaceae AY244481 88.80 Oscillospira sp. 
155.  357 6.09E-05 0 Bacteroidetes JF620971 88.80 uncultured bacterium 
156.  36153 0.000295337 0 Oscillibacter JF535138 88.70 uncultured bacterium 
157.  7149 4.35E-05 0 Bacteroidetes JF666990 88.70 uncultured bacterium 
158.  17388 0.000543496 0 Bacteroidetes EU843596 88.60 uncultured bacterium 
159.  23563 0.000299877 0 Prevotella JF614192 88.60 uncultured bacterium 
160.  42733 0.000112211 0 Bacteroidales JF651340 88.50 uncultured bacterium 
161.  31127 0.000353041 0 unclassified_Bacteria JF645186 88.40 uncultured bacterium 
162.  27691 0.000218372 0 Clostridiales GU959544 88.40 uncultured Firmicutes bacterium 
163.  1586 4.35E-05 0 Ruminococcaceae JF656987 88.40 uncultured bacterium 
164.  221 0.000910172 0 Prevotellaceae JQ866899 88.20 uncultured bacterium 
165.  41448 0.000137457 0 Prevotella JF628257 88.20 uncultured bacterium 
166.  2015 6.87E-05 0 Bacteroidetes JF626585 88.20 uncultured bacterium 
167.  25112 0.000756619 0 Bacteroidetes AY578401 88.10 uncultured bacterium 
168.  41089 0.00033577 0 Prevotella JF614247 88.10 uncultured bacterium 
169.  253 6.09E-05 0 Clostridiales JF646958 88.00 uncultured bacterium 
170.  1211 0.000180502 0 Prevotella JF660915 87.90 uncultured bacterium 
171.  5134 0.000436687 0 Clostridiales JF662874 87.80 uncultured bacterium 
172.  237 0.000119586 0 Ruminococcaceae JN803598 87.70 uncultured organism 
173.  706 0.000457333 0 Bacteroidetes HM104896 87.60 uncultured Bacteroidetes bacterium 
174.  16130 7.87E-05 0 Firmicutes HM104945 87.60 uncultured Firmicutes bacterium 
175.  407 4.35E-05 0 Bacteroidetes JF659570 87.60 uncultured bacterium 
176.  41076 0.001124323 0 Ruminococcaceae AB244137 87.50 uncultured rumen bacterium 
177.  45 0.00016248 0 Prevotellaceae AY578433 87.50 uncultured bacterium 
178.  1027 4.35E-05 0 Clostridium IV EU290073 87.50 uncultured bacterium 
179.  34698 0.000415346 0 Ruminococcaceae AB244137 87.40 uncultured rumen bacterium 
180.  17776 0.000431495 0 Schwartzia JX003884 87.00 uncultured bacterium 
181.  740 0.000682401 0 Ruminococcaceae HM104840 86.90 uncultured Firmicutes bacterium 
182.  1821 0.000279232 0 Bacteroidetes JF665761 86.90 uncultured bacterium 
175 
 
Appendix A continued 
183.  1992 0.000101564 0 Bacteroidetes JF656978 86.90 uncultured bacterium 
184.  24747 0.0003079 0 TM7_genera_incertae_sedis  JF665251 86.80 uncultured bacterium 
185.  25417 0.000257043 0 Bacteroidetes JF543573 86.80 uncultured bacterium 
186.  997 0.000716994 0 Paraprevotella JX003948 86.70 uncultured bacterium 
187.  8705 0.000340585 0 Clostridiales HM104747 86.70 uncultured Firmicutes bacterium 
188.  183 0.000753107 0 Prevotella JF630078 86.60 uncultured bacterium 
189.  1993 0.000366196 0 Lachnospiraceae JF561597 86.60 uncultured bacterium 
190.  1332 0.000242657 0 Bacteroidales JF628803 86.60 uncultured bacterium 
191.  548 0.000236183 0 Ruminococcaceae JF659858 86.60 uncultured bacterium 
192.  19096 0.000230935 0 unclassified_Bacteria JF569816 86.60 uncultured bacterium 
193.  27259 0.000163068 0 Clostridium IV JN803173 86.60 uncultured organism 
194.  3548 0.000101564 0 Lachnospiraceae JF617203 86.60 uncultured bacterium 
195.  2097 7.87E-05 0 Bacteroidales JF661090 86.50 uncultured bacterium 
196.  2567 7.61E-05 0 Sphingobacteriaceae HM105265 86.50 uncultured Bacteroidetes bacterium 
197.  286 6.09E-05 0 Bacteroidetes JF661684 86.50 uncultured bacterium 
198.  8143 0.000319936 0 Bacteroidales JF538069 86.40 uncultured bacterium 
199.  17219 7.61E-05 0 Lachnospiraceae JF624234 86.40 uncultured bacterium 
200.  735 6.09E-05 0 Bacteroidetes JF630839 86.40 uncultured bacterium 
201.  9231 0.000755507 0 Clostridiales HM105096 86.20 uncultured Firmicutes bacterium 
202.  38572 0.0003079 0 Ruminococcaceae JF652083 86.20 uncultured bacterium 
203.  4109 0.000144832 0 Bacteroidetes JF531463 86.20 uncultured bacterium 
204.  10268 0.000101564 0 Porphyromonadaceae HM104746 86.20 uncultured Bacteroidetes bacterium 
205.  828 6.87E-05 0 Clostridiales EU461420 86.20 uncultured bacterium 
206.  23303 4.35E-05 0 Fibrobacter JF657955 86.20 uncultured organism 
207.  11565 0.000576978 0 Bacteroidetes JF658285 86.10 uncultured bacterium 
208.  27736 4.35E-05 0 Firmicutes JF624800 86.10 uncultured bacterium 
209.  194 0.000325124 0 Fibrobacter HM104984 86.00 uncultured Fibrobacteres bacterium 
210.  2570 0.000157456 0 Pseudobutyrivibrio JX272178 86.00 uncultured rumen bacterium 
211.  5049 0.000101564 0 unclassified_Bacteria JF614588 85.90 uncultured bacterium 
212.  2251 8.70E-05 0 Ruminococcaceae JF656010 85.90 uncultured bacterium 
213.  1836 0.000282289 0 Bacteroidetes JF622766 85.80 uncultured bacterium 
214.  614 0.000147456 0 unclassified_Bacteria JF626500 85.80 uncultured bacterium 
215.  24166 0.000101564 0 Lachnospiraceae JN802922 85.70 uncultured organism 
216.  30095 7.87E-05 0 Treponema JF665799 85.70 uncultured bacterium 
217.  7819 0.000444983 0 Bacteroidetes JF664831 85.60 uncultured bacterium 
218.  8376 0.000707261 0 Bacteroidetes JF622486 85.50 uncultured bacterium 
219.  14928 0.000470166 0 Clostridiales JF550412 85.50 uncultured bacterium 
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220.  28113 0.000318396 0 Prevotellaceae JN803483 85.50 uncultured organism 
221.  26275 0.000282503 0 unclassified_Bacteria JF657874 85.50 uncultured bacterium 
222.  6859 4.35E-05 0 Bacteroidales HM105090 85.50 uncultured Bacteroidetes bacterium 
223.  2031 0.001270227 0 Prevotellaceae JF629805 85.40 uncultured bacterium 
224.  4278 0.000267466 0 Ruminococcaceae JN803854 85.40 uncultured organism 
225.  615 0.000101564 0 Clostridiales JF634376 85.40 uncultured bacterium 
226.  10052 0.000343419 0 Firmicutes JQ912933 85.20 uncultured bacterium 
227.  977 0.000173928 0 Bacteroidetes JF645450 85.20 uncultured bacterium 
228.  11769 0.000129645 0 unclassified_Bacteria JF634606 85.20 uncultured bacterium 
229.  13781 0.00060975 0 Oscillibacter JN803807 85.00 uncultured organism 
230.  8297 0.000315125 0 Bacteroidales JN803150 85.00 uncultured bacterium 
231.  576 0.000773001 0 Bacteroidetes JN802865 84.90 uncultured organism 
232.  6714 7.61E-05 0 Ruminococcaceae JF657975 84.80 uncultured bacterium 
233.  40418 6.09E-05 0 Clostridiales HM104972 84.70 uncultured Firmicutes bacterium 
234.  29438 4.35E-05 0 Clostridiales JF646958 84.70 uncultured bacterium 
235.  30517 0.000605119 0 unclassified_Bacteria JF633980 84.60 uncultured bacterium 
236.  1504 0.000735021 0 Bacteroidetes JF641288 84.30 uncultured bacterium 
237.  6695 0.000226231 0 Bacteroidetes JF535248 84.30 uncultured bacterium 
238.  3979 0.000101564 0 Verrucomicrobia JF616140 84.10 uncultured bacterium 
239.  2174 7.61E-05 0 unclassified_Bacteria JF633084 84.10 uncultured bacterium 
240.  7459 4.35E-05 0 Ruminococcaceae AY244481 84.00 Oscillospira sp 
241.  7354 0.000203128 0 Victivallis HM104750 83.90 uncultured Lentisphaerae bacterium 
242.  39340 0.00025902 0 Bacteroidales JF630330 83.80 uncultured bacterium 
243.  5839 0.000503649 0 Firmicutes AB244143 83.70 uncultured rumen bacterium 
244.  619 0.000375981 0 Bacteroidales JF653702 83.70 uncultured bacterium 
245.  90 0.000304912 0 Bacteroidetes JF644424 83.70 uncultured bacterium 
246.  31179 0.000152207 0 unclassified_Bacteria JF622376 83.60 uncultured bacterium 
247.  10270 7.87E-05 0 Firmicutes JF628819 83.60 uncultured bacterium 
248.  9904 6.87E-05 0 Bacteroidetes JF655562 83.60 uncultured bacterium 
249.  425 4.35E-05 0 Clostridiales GU958750 83.60 uncultured Firmicutes bacterium 
250.  22307 0.000602211 0 TM7_genera_incertae_sedis  JN834273 83.50 uncultured bacterium 
251.  9335 0.000277041 0 Bacteroidetes JF644178 83.50 uncultured bacterium 
252.  12962 6.87E-05 0 Bacteroidetes JF662228 83.50 uncultured bacterium 
253.  358 0.000121832 0 Alphaproteobacteria  EU348121 83.40 uncultured bacterium 
254.  381 7.61E-05 0 Lachnospiracea_incertae_sedis GQ448583 83.40 uncultured bacterium 
255.  5054 6.87E-05 0 Clostridiales JF614748 83.40 uncultured bacterium 
256.  4982 4.35E-05 0 Bacteroidales JF645593 83.40 uncultured bacterium 
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257.  29819 0.000216609 0 unclassified_Bacteria GU609511 83.30 uncultured bacterium 
258.  20185 0.000145046 0 unclassified_Bacteria JF614588 83.30 uncultured bacterium 
259.  1736 0.000101564 0 Prevotellaceae AY578433 83.30 uncultured bacterium 
260.  5677 0.00043498 0 Bacteroidales JF568194 83.20 uncultured bacterium 
261.  13382 8.70E-05 0 Ruminococcaceae JF667095 83.20 uncultured bacterium 
262.  8976 0.000409734 0 unclassified_Bacteria JF644313 83.10 uncultured bacterium 
263.  26028 0.00012221 0 unclassified_Bacteria EU348267 83.10 uncultured bacterium 
264.  25552 6.87E-05 0 Prevotella JF663677 83.10 uncultured bacterium 
265.  29918 0.000465205 0 Bacteroidetes JF660101 82.90 uncultured bacterium 
266.  8023 0.000239171 0 unclassified_Bacteria JF640299 82.80 uncultured bacterium 
267.  25 0.000104398 0 Bacteroidales JF655263 82.80 uncultured bacterium 
268.  30297 0.000422734 0 Ruminococcaceae JF562993 82.70 uncultured bacterium 
269.  11897 0.000401064 0 Bacteroidetes AY578491 82.70 uncultured bacterium 
270.  2272 4.35E-05 0 Lachnospiraceae JF648778 82.70 uncultured bacterium 
271.  3928 0.000427485 0 Bacteroidetes JF663025 82.60 uncultured bacterium 
272.  342 0.000473865 0 Bacteroidales HM104892 82.40 uncultured Bacteroidetes bacterium 
273.  4246 0.000445571 0 Ruminococcaceae JF645599 82.40 uncultured bacterium 
274.  29592 0.000190561 0 Treponema JF619836 82.40 uncultured bacterium 
275.  4505 0.000206186 0 Bacteroidetes JF658778 82.20 uncultured bacterium 
276.  27565 0.000355335 0 TM7_genera_incertae_sedis  JF637176 82.00 uncultured bacterium 
277.  7849 0.000490602 0 Porphyromonadaceae JF649636 81.90 uncultured bacterium 
278.  50 0.00016248 0 Lachnospiraceae JF664113 81.90 uncultured bacterium 
279.  30965 0.000119586 0 Prevotellaceae JF659401 81.90 uncultured bacterium 
280.  12765 6.87E-05 0 Bacteroidales JF640214 81.90 uncultured bacterium 
281.  31509 0.000564359 0 Prevotella JF642088 81.80 uncultured bacterium 
282.  4367 0.000198313 0 Bacteroidetes JN802865 81.60 uncultured organism 
283.  30058 0.000409464 0 unclassified_Bacteria JF644308 81.50 uncultured bacterium 
284.  10703 0.00033336 0 Clostridiales HM105096 81.50 uncultured Firmicutes bacterium 
285.  6163 0.000203128 0 Prevotellaceae JF647390 81.30 uncultured bacterium 
286.  877 0.000459524 0 Bacteroidetes JX272177 81.20 uncultured rumen bacterium 
287.  1597 0.000163068 0 Bacteroidetes HM104929 81.20 uncultured Bacteroidetes bacterium 
288.  8568 0.00013702 0 Firmicutes JF536706 81.20 uncultured bacterium 
289.  11727 0.000101564 0 unclassified_Bacteria JF633248 81.10 uncultured bacterium 
290.  2229 0.000884929 0 Bacteroidetes HM104896 81.00 uncultured Bacteroidetes bacterium 
291.  1441 0.000188314 0 Anaerolineaceae JF644612 81.00 uncultured bacterium 
292.  5281 0.000104398 0 Lachnospiraceae JF647512 80.90 uncultured bacterium 
293.  18399 0.000388664 0 Ruminococcaceae HM105058 80.80 uncultured Firmicutes bacterium 
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294.  15466 0.000139644 0 Lachnospiraceae HM104886 80.70 uncultured Firmicutes bacterium 
295.  11436 0.000340148 0 Hallella EU462771 80.60 uncultured bacterium 
296.  3949 0.00023442 0 Sphingobacteriales JF647415 80.60 uncultured bacterium 
297.  1047 7.61E-05 0 Bacteroidales JF628772 80.60 uncultured bacterium 
298.  3033 0.000101564 0 unclassified_Bacteria JF633248 80.50 uncultured bacterium 
299.  1579 6.87E-05 0 Treponema JF643964 80.50 uncultured bacterium 
300.  12229 6.09E-05 0 Bacteroidetes JF660243 80.50 uncultured bacterium 
301.  27229 0.000343419 0 Prevotella JF657088 80.20 uncultured bacterium 
302.  24866 6.09E-05 0 Prevotella AB244158 80.00 uncultured rumen bacterium 
303.  41117 4.35E-05 0 Prevotella EU290027 80.00 uncultured bacterium 
304.  13473 4.35E-05 0 Ruminococcaceae JF591100 80.00 uncultured bacterium 
305.  2371 0.000355769 0 Bacteroidetes JF583065 79.90 uncultured bacterium 
306.  3432 0.00104191 0 Bacteroidetes JF583065 79.70 uncultured bacterium 
307.  1649 6.09E-05 0 Treponema EF016591 79.50 uncultured bacterium 
308.  9249 0.000285337 0 TM7_genera_incertae_sedis  JF665089 79.40 uncultured bacterium 
309.  3747 7.87E-05 0 Bacteroidetes JF668015 79.10 uncultured bacterium 
310.  21748 0.000101564 0 Clostridiales JQ912932 79.00 uncultured bacterium 
311.  4291 7.61E-05 0 Clostridiales JF665064 79.00 uncultured bacterium 
312.  8470 6.09E-05 0 Firmicutes JN884326 79.00 uncultured bacterium 
313.  26721 0.00051066 0 Paraprevotella HM104823 78.80 uncultured Bacteroidetes bacterium 
314.  822 6.09E-05 0 unclassified_Bacteria FJ834705 78.60 uncultured bacterium 
315.  21962 0.00036325 0 Lachnospiraceae JF649251 78.40 uncultured bacterium 
316.  1781 0.000444556 0 Sphingobacteriales JF616847 78.10 uncultured bacterium 
317.  31881 0.000309663 0 Prevotellaceae JF659499 78.10 uncultured bacterium 
318.  23982 0.000292926 0 Lachnospiraceae JF614067 78.10 uncultured bacterium 
319.  17793 6.09E-05 0 Deltaproteobacteria  JN884477 78.00 uncultured bacterium 
320.  2998 0.000432356 0 Sphingobacteriales JF623158 77.80 uncultured bacterium 
321.  3567 6.09E-05 0 Firmicutes JF636989 77.80 uncultured bacterium 
322.  8581 0.000684211 0 Prevotella JF628347 77.70 uncultured bacterium 
323.  18619 0.000239171 0 Clostridiales JF644642 77.50 uncultured bacterium 
324.  9063 6.09E-05 0 Sphingobacteriales JF640602 77.40 uncultured bacterium 
325.  1339 4.35E-05 0 Pseudobutyrivibrio FJ032503 77.40 uncultured bacterium 
326.  585 0.000454983 0 Clostridiales HM120501 77.10 uncultured rumen bacterium 
327.  29379 0.00036882 0 Prevotellaceae JF667792 76.90 uncultured bacterium 
328.  28717 0.000234043 0 Prevotella JF617911 76.90 uncultured bacterium 
329.  24923 6.09E-05 0 Treponema JF632493 76.80 uncultured bacterium 
330.  24886 0.000406686 0 Prevotellaceae JF634337 76.60 uncultured bacterium 
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331.  298 0.000104398 0 Ruminococcaceae AB107382 76.60 uncultured bacterium 
332.  4654 7.87E-05 0 Bacteroidetes JF663557 76.60 uncultured bacterium 
333.  3492 0.000199175 0 Bacteroidetes JF656354 76.20 uncultured bacterium 
334.  12660 0.000322714 0 Bacteroidetes JF616853 76.10 uncultured bacterium 
335.  8164 0.000567781 0 Bacteroidetes JF642739 75.80 uncultured bacterium 
336.  8529 0.000173928 0 Prevotellaceae JF622579 75.80 uncultured bacterium 
337.  723 0.000310584 0 Paraprevotella JF639315 75.70 uncultured bacterium 
338.  8090 0.000310524 0 Bacteroidetes HM104929 75.70 uncultured Bacteroidetes bacterium 
339.  1944 0.000209174 0 Treponema JF667551 75.60 uncultured bacterium 
340.  2514 0.000274691 0 Bacteroidetes JF634506 75.40 uncultured bacterium 
341.  3926 0.000375767 0 Bacteroidetes JF666761 75.20 uncultured bacterium 
342.  6733 0.000585155 0 Sphingobacteriales AB244116 74.90 uncultured rumen bacterium 
343.  24713 0.000483063 0 Lachnospiraceae JF631483 74.90 uncultured bacterium 
344.  2334 0.000699882 0 Bacteroidales HM104790 74.70 uncultured Bacteroidetes bacterium 
345.  29909 0.000329875 0 Prevotella JF649570 74.70 uncultured bacterium 
346.  960 0.000623354 0 Bacteroidetes JF645435 74.50 uncultured bacterium 
347.  19892 0.000165314 0 Lachnospiraceae GQ900616 74.50 Anaplasma phagocytophilum 
348.  2009 0.000101564 0 Hallella JF628294 74.50 uncultured bacterium 
349.  1600 0.000445571 0 Bacteroidetes EU290034 74.40 uncultured bacterium 
350.  11891 0.000213123 0 Bacteroidetes JF617306 74.20 uncultured bacterium 
351.  995 0.000419523 0 Sphingobacteriales HM104866 74.10 uncultured Bacteroidetes bacterium 
352.  675 0.000498401 0 Deltaproteobacteria  GQ448618 73.90 uncultured bacterium 
353.  7170 0.000378665 0 Bacteroidetes HM105307 73.90 uncultured Bacteroidetes bacterium 
354.  993 0.000343359 0 Ruminococcaceae EU198775 73.90 uncultured bacterium 
355.  890 8.70E-05 0 Bacteroidetes JF643843 73.90 uncultured bacterium 
356.  2636 0.000472841 0 Ruminococcaceae JN803055 73.80 uncultured organism 
357.  12728 0.000351008 0 Clostridiales HM104829 73.80 uncultured Firmicutes bacterium 
358.  5904 0.00127632 0 Prevotella JF646452 73.50 uncultured bacterium 
359.  33651 0.000394714 0 Sphingobacteriales JF618319 73.50 uncultured bacterium 
360.  552 4.35E-05 0 Sphingobacteriales JF653225 73.50 uncultured bacterium 
361.  3612 0.000299937 0 Bacteroidetes JF625514 73.30 uncultured bacterium 
362.  12078 0.000520328 0 unclassified_Bacteria JF535463 73.20 uncultured bacterium 
363.  1685 0.000914601 0 Ruminococcaceae JF645026 72.80 uncultured bacterium 
364.  931 0.000152207 0 unclassified_Bacteria JF541955 72.80 uncultured bacterium 
365.  1599 0.000744056 0 Bacteroidetes HM104896 72.50 uncultured Bacteroidetes bacterium 
366.  9225 0.000439731 0 Bacteroidales JF621081 72.40 uncultured bacterium 
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368.  34582 6.09E-05 0 unclassified_Bacteria JF664463 72.10 uncultured bacterium 
369.  9002 0.000517133 0 Bacteroidetes HM104896 71.60 uncultured Bacteroidetes bacterium 
370.  3744 0.000246396 0 Bacteroidetes HM104938 71.30 uncultured Bacteroidetes bacterium 
371.  5015 7.87E-05 0 Prevotellaceae EU459558 71.20 uncultured bacterium 
372.  6099 0.000304414 0 Clostridiales HM104752 71.10 uncultured Firmicutes bacterium 
373.  641 0.000536545 0 Prevotellaceae JN803338 71.00 uncultured organism 
374.  8558 0.000101564 0 Bacteroidales JN802826 70.60 uncultured organism 
375.  1122 0.000600826 0 Bacteroidetes JN802865 70.40 uncultured organism 
376.  1519 0.000309937 0 Lachnospiraceae JF663290 70.00 uncultured bacterium 
377.  26749 6.87E-05 0 Paraprevotella JF667611 69.60 uncultured bacterium 
378.  668 7.87E-05 0 Bacteroidetes JF638986 69.50 uncultured bacterium 
379.  318 0.000884347 0 Clostridium IV GQ449126 69.20 uncultured bacterium 
380.  26950 0.000434063 0 Bacteroidales JF644669 68.50 uncultured bacterium 
381.  918 0.000198373 0 unclassified_Bacteria JF616022 67.90 uncultured bacterium 
382.  814 0.000267042 0 Anaerovorax JQ336316 67.70 uncultured bacterium 
383.  1616 0.000101564 0 Bacteroidetes JF648491 67.50 uncultured bacterium 
384.  1432 6.87E-05 0 Bacteroidetes HM105424 67.50 uncultured bacterium 
385.  1338 0.000101564 0 Clostridiales JF621996 67.00 uncultured bacterium 
386.  279 0.000119586 0 Prevotellaceae JN803220 66.50 uncultured organism 
387.  1239 0.000586768 0 Clostridium IV JF571578 66.30 uncultured bacterium 
388.  1541 0.000285337 0 Sphingobacteriales JF614882 66.00 uncultured bacterium 
389.  690 7.61E-05 0 Anaeroplasma JF656795 66.00 uncultured bacterium 
390.  433 6.87E-05 0 Victivallis JN482471 65.60 uncultured organism 
391.  1695 7.61E-05 0 Anaeroplasma JF634988 64.80 uncultured bacterium 
392.  3869 0.000482789 0 Deltaproteobacteria  GQ448618 63.80 uncultured bacterium 
393.  2187 7.61E-05 0 unclassified_Bacteria AM405120 63.00 uncultured bacterium 
394.  1784 4.35E-05 0 Treponema JF628638 61.40 uncultured bacterium 
395.  689 0.000300087 0 Ruminococcaceae EU463445 59.50 uncultured bacterium 
396.  5392 0.000226184 0 Clostridiales GU958569 58.10 uncultured Firmicutes bacterium 
397.  1727 0.00013702 0 unclassified_Bacteria JF629532 58.10 uncultured bacterium 
398.  3765 0.000267042 0 Firmicutes EU470334 55.80 uncultured bacterium 
399.  1328 0.000112211 0 Victivallis JQ423106 55.60 uncultured bacterium 
400.  28734 0.000269289 0 unclassified_Bacteria JF663905 52.50 uncultured bacterium 
401.  544 7.61E-05 0 unclassified_Bacteria JF538096 52.50 uncultured bacterium 
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Appendix B. List of 401 OTUs that statistically presence only in cattle co-grazed with camels (Cat_Co_R) with ANOVA analysis using false discovery rate (FDR) 
correction. OTUs were classified using data from the Greengenes and referenced data from the GenBank (BLAST) database. Closes t relative and reference 
according to GenBank is listed along with its accession number and percent identity. # Reading value of 1 represent 100% composition, meanwhile E-05 represent 
value divide by 100,000. 
Number OTU Cat_co_R# Cat_alone_R# Accession no. Similarity % Bacterium 
1.  14700 0.000328 0 AJ009958.1 99.54 Methanobrevibacter sp  
2.  1556 0.0001304 0 AB198438.1 98.81 Selenomonas ruminantium 
3.  282 4.35E-05 0 AF040719.1 98.8 Prevotella sp 
4.  5611 4.35E-05 0 AB198429.1 98.6 Selenomonas ruminantium 
5.  533 4.35E-05 0 EU728739.1 98.57 Selenomonas sp. 
6.  2570 0.0001575 0 U77339.1 97.67 Butyrivibrio fibrisolvens 
7.  42483 0.0002209 0 AB501167.1 97.59 Prevotella ruminicola 
8.  33403 0.0001885 0 AB501167.1 97.19 Prevotella ruminicola 
9.  23303 4.35E-05 0 AJ505937.1 96.98 Fibrobacter succinogenes 
10.  3548 0.0001016 0 AF202258.1 96.03 Eubacterium oxidoreducens 
11.  106 0.0001218 0 AF202259.1 95.92 Eubacterium oxidoreducens 
12.  1211 0.0001805 0 AB501166.1 95.75 Prevotella sp. 
13.  2111 7.61E-05 0 M57737.1 95.53 Treponema bryantii 
14.  24866 6.09E-05 0 AB501151.1 95.52 Prevotella ruminicola 
15.  15846 0.0001218 0 M57737.1 95.37 Treponema bryantii 
16.  34660 0.0002057 0 M57737.1 95.37 Treponema bryantii 
17.  1339 4.35E-05 0 EU684229.1 95.37 Butyrivibrio fibrisolvens 
18.  194 0.0003251 0 CP002158.1 95.26 Fibrobacter subsp. 
19.  17776 0.0004315 0 Y09434.1 94.86 Schwartzia succinivorans 
20.  1242 6.87E-05 0 AJ011522.1 94.54 Eubacterium ramulus Human gut 
21.  1762 0.0007272 0 DQ148957.1 94.53 Streptococcus bovis 
22.  24187 0.0004041 0 AF218619.1 94.43 Prevotella ruminicola 
23.  381 7.61E-05 0 EF031543.1 94.28 Coprococcus eutactus 
24.  39393 4.35E-05 0 AB501166.1 94.18 Prevotella sp. 
25.  28307 6.87E-05 0 M57737.1 94.16 Treponema bryantii 
26.  30185 0.0008863 0 AB501167.1 93.96 Prevotella ruminicola 
27.  5281 0.0001044 0 EU139255.1 93.84 Ruminococcus gnavus 
28.  1482 6.09E-05 0 AY804149.1 93.8 Roseburia faecalis 
29.  183 0.0007531 0 AB501155.1 93.7 Prevotella sp.  
30.  3256 0.0003534 0 CP002006.1 93.66 Prevotella ruminicola 
31.  8826 0.0001575 0 AF218619.1 93.59 Prevotella ruminicola 
32.  221 0.0009102 0 AJ009933.1 93.5 Prevotella aff. ruminicola  
33.  3214 0.0003106 0 AF218619.1 93.31 Prevotella ruminicola 
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34.  28316 0.0002344 0 AB501166.1 93.16 Prevotella sp. 
35.  816 4.35E-05 0 AB501166.1 93.14 Prevotella sp. 
36.  25552 6.87E-05 0 AF218619.1 93.06 Prevotella ruminicola 
37.  1334 7.87E-05 0 AB361624.1 93.01 Coprococcus catus  
38.  191 6.09E-05 0 AB501167.1 93 Prevotella ruminicola 
39.  21342 0.0008795 0 AB501163.1 92.96 Prevotella ruminicola 
40.  33441 4.35E-05 0 AB501167.1 92.94 Prevotella ruminicola 
41.  28024 0.000137 0 AB501166.1 92.77 Prevotella sp.  
42.  27225 0.0003709 0 AB501167.1 92.69 Prevotella ruminicola 
43.  1494 0.0005587 0 HM037995.1 92.68 Eubacterium coprostanoligenes 
44.  12987 0.0002853 0 AF218619.1 92.67 Prevotella ruminicola 
45.  844 4.35E-05 0 AY699280.1 92.24 Lachnospira pectinoschiza 
46.  17407 0.0005317 0 CP002006.1 92.14 Prevotella ruminicola 
47.  28827 0.0001703 0 AF218619.1 91.98 Prevotella ruminicola 
48.  4676 0.0002234 0 AF218619.1 91.85 Prevotella ruminicola  
49.  9648 0.0001831 0 AB501162.1 91.75 Prevotella ruminicola 
50.  30985 0.0003023 0 AB501166.1 91.75 Prevotella sp. 
51.  38572 0.0003079 0 AY949859.1 91.67 Clostridium sp 
52.  2031 0.0012702 0 AB501165.1 91.67 Prevotella sp. 
53.  27301 0.0001631 0 AY548789.1 91.63 Desulfobulbus propionicus 
54.  32128 0.0001222 0 AF218619.1 91.55 Prevotella ruminicola 
55.  41117 4.35E-05 0 AB501155.1 91.49 Prevotella sp. 
56.  41448 0.0001375 0 AF218619.1 91.4 Prevotella ruminicola 
57.  41089 0.0003358 0 AB501166.1 91.35 Prevotella sp. 
58.  28887 0.0003228 0 AB501155.1 91.34 Prevotella sp. 
59.  585 0.000455 0 U41167.1 91.28 Butyrivibrio fibrisolvens 
60.  1239 0.0005868 0 AY949859.1 91.28 Clostridium sp. 
61.  2272 4.35E-05 0 X89979.1 91.27 Butyrivibrio fibrisolvens 
62.  7414 0.0002088 0 X76739.1 91.19 Clostridium xylanolyticum 
63.  31509 0.0005644 0 AB501155.1 91.18 Prevotella sp.  
64.  470 0.0001016 0 HM008264.1 91.17 Clostridium clostridioforme 
65.  2107 0.0002671 0 AB501162.1 91.14 Prevotella ruminicola 
66.  7459 4.35E-05 0 HM626173.1 91.13 Oscillibacter sp.  
67.  50 0.0001625 0 AJ508452.1 91.09 Clostridium bolteae 
68.  23563 0.0002999 0 AJ009933.1 90.98 Prevotella aff. ruminicola 
69.  20682 0.0001731 0 HM626173.1 90.95 Oscillibacter sp. 
70.  1027 4.35E-05 0 ABCA03000054.1 90.93 Eubacterium siraeum 
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71.  3851 0.0002466 0 AJ305238.1 90.84 Clostridium leptum 
72.  2081 0.0002427 0 FP929055.1 90.74 Ruminococcus torques 
73.  8581 0.0006842 0 AB501166.1 90.69 Prevotella sp. 
74.  23396 0.0008793 0 AB501155.1 90.67 Prevotella sp. 
75.  27259 0.0001631 0 AY949859.1 90.56 Clostridium sp 
76.  24166 0.0001016 0 X76739.1 90.53 Clostridium xylanolyticum 
77.  30965 0.0001196 0 AB501166.1 90.53 Prevotella sp. 
78.  27841 0.0002744 0 AF218619.1 90.38 Prevotella ruminicola 
79.  23712 7.87E-05 0 ACQH01000158.1 90.32 Prevotella sp. 
80.  23982 0.0002929 0 EU728700.1 90.14 Coprococcus sp. 
81.  690 7.61E-05 0 M25049.1 90.13 Anaeroplasma bactoclasticum 
82.  36153 0.0002953 0 HM626173.1 90.12 Oscillibacter sp. 
83.  27229 0.0003434 0 AB501166.1 90.12 Prevotella sp.  
84.  29909 0.0003299 0 AY005061.1 89.98 Prevotella sp 
85.  5904 0.0012763 0 AB501166.1 89.96 Prevotella sp. 
86.  28717 0.000234 0 AB501165.1 89.94 Prevotella sp.  
87.  1586 4.35E-05 0 AY949859.1 89.9 Clostridium sp 
88.  1332 0.0002427 0 AB547652.1 89.68 Paraprevotella xylaniphila 
89.  64 0.0001044 0 CP002122.1 89.55 Prevotella melaninogenica 
90.  41076 0.0011243 0 AY949859.1 89.41 Clostridium sp 
91.  31881 0.0003097 0 AB501155.1 89.4 Prevotella sp. 
92.  1685 0.0009146 0 EU371591.1 89.38 Clostridium sp. 
93.  26272 6.09E-05 0 M57737.1 89.37 Treponema bryantii 
94.  14231 6.09E-05 0 AB501155.1 89.35 Prevotella sp. 
95.  21962 0.0003633 0 ABWN01000012.1 89.33 Butyrivibrio crossotus 
96.  39580 4.35E-05 0 EU728700.1 89.26 Coprococcus sp.  
97.  689 0.0003001 0 AB207248.1 89.2 Clostridium sp. 
98.  669 7.61E-05 0 Z49863.1 89.19 Sporobacter termitidis 
99.  29438 4.35E-05 0 CP000885.1 89.13 Clostridium phytofermentans 
100.  997 0.000717 0 ACPT01000052.1 89.11 Bacteroides sp. 
101.  13781 0.0006098 0 NR_025670.1 89.11 Bacteroides capillosus 
102.  2251 8.70E-05 0 HM037995.1 88.94 Eubacterium coprostanoligenes 
103.  24886 0.0004067 0 ACPT01000052.1 88.93 Bacteroides sp. 
104.  21748 0.0001016 0 NC_010001.1 88.87 Clostridium phytofermentans 
105.  9922 0.0003128 0 EU281854.1 88.84 Eubacterium sp. 
106.  17219 7.61E-05 0 AB361624.1 88.75 Coprococcus catus 
107.  3162 4.35E-05 0 GQ461729.1 88.73 Eubacterium sp. 
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108.  18399 0.0003887 0 AF481148.1 88.73 Linmingia china 
109.  15466 0.0001396 0 EU139255.1 88.68 Ruminococcus gnavus 
110.  814 0.000267 0 NR_028911.1 88.62 Anaerovorax odorimutans  
111.  630 0.0002573 0 EU281854.1 88.6 Eubacterium sp. 
112.  318 0.0008843 0 AJ318889.1 88.31 Ruminococcus sp. 
113.  8202 0.0006048 0 EU281854.1 88.24 Eubacterium sp. 
114.  40418 6.09E-05 0 AB490809.1 88.21 Catabacter sp 
115.  12229 6.09E-05 0 EU281854.1 88.21 Eubacterium sp. 
116.  1906 0.0006003 0 AY949857.1 88.07 Clostridium sp. 
117.  3330 0.0003662 0 EU281854.1 88.03 Eubacterium sp. 
118.  1190 0.0002088 0 M57737.1 87.99 Treponema bryantii 
119.  13382 8.70E-05 0 AY833426.1 87.96 Ethanologenbacterium harbinense 
120.  32255 6.87E-05 0 AF116920.1 87.89 Clostridium xylanovorans 
121.  1519 0.0003099 0 DQ789119.1 87.89 Clostridium sp. 
122.  30297 0.0004227 0 HM626173.1 87.86 Oscillibacter sp. 
123.  16130 7.87E-05 0 AB490809.1 87.81 Catabacter sp 
124.  1662 0.0001044 0 AY178844.1 87.73 Treponema sp. 
125.  253 6.09E-05 0 CP000885.1 87.7 Clostridium phytofermentans 
126.  286 6.09E-05 0 EU281854.1 87.7 Eubacterium sp 
127.  641 0.0005365 0 AF139524.1 87.7 Bacteroides sp. 
128.  2596 0.0002066 0 EU815224.1 87.68 Clostridium sp. 
129.  24923 6.09E-05 0 AY369248.1 87.62 Treponema sp. 
130.  1680 8.70E-05 0 HM626173.1 87.58 Oscillibacter sp. 
131.  357 6.09E-05 0 EU281854.1 87.55 Eubacterium sp. 
132.  26749 6.87E-05 0 AB547652.1 87.55 Paraprevotella xylaniphila 
133.  1337 0.0002362 0 FJ717335.2 87.53 Prevotella sp. oral taxon 472 
134.  17388 0.0005435 0 EU281854.1 87.47 Eubacterium sp. 
135.  5015 7.87E-05 0 AB547705.1 87.4 Prevotella paludivivens  
136.  34698 0.0004153 0 EU815226.1 87.37 Anaerotruncus sp. 
137.  11467 6.87E-05 0 AB491208.1 87.3 Clostridium sp. 
138.  578 0.0002644 0 EU281854.1 87.27 Eubacterium sp 
139.  4246 0.0004456 0 EU815223.1 87.25 Ruminococcus sp. 
140.  1992 0.0001016 0 EU281854.1 87.16 Eubacterium sp 
141.  6099 0.0003044 0 AF357573.1 87.16 mpn-isolate  
142.  1432 6.87E-05 0 EU281854.1 87.16 Eubacterium sp. 
143.  30095 7.87E-05 0 M57737.1 87.1 Treponema bryantii  
144.  4109 0.0001448 0 EU281854.1 87.09 Eubacterium sp.  
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145.  5670 0.0001906 0 AB093546.1 87.06 Clostridium sp. 
146.  608 0.0002309 0 AB491208.1 87.04 Clostridium sp. 
147.  39813 4.35E-05 0 EU281854.1 87.01 Eubacterium sp. 
148.  1579 6.87E-05 0 AY369248.1 87.01 Treponema sp.  
149.  1820 7.61E-05 0 EU281854.1 87 Eubacterium sp. 
150.  19034 0.0005058 0 AY949857.1 86.99 Clostridium sp 
151.  18619 0.0002392 0 AF357573.1 86.97 mpn-isolate group 
152.  548 0.0002362 0 EU158190.1 86.91 Clostridium sp. 
153.  4278 0.0002675 0 HM626173.1 86.91 Oscillibacter sp. 
154.  27837 0.0001992 0 AB547652.1 86.88 Paraprevotella xylaniphila 
155.  12078 0.0005203 0 DQ833400.1 86.81 Sphaerochaeta sp. 
156.  6641 0.0001653 0 HM626173.1 86.79 Oscillibacter sp.  
157.  2636 0.0004728 0 FJ889653.1 86.78 Ruminococcus sp. 
158.  30094 0.0007144 0 EU281854.1 86.7 Eubacterium sp. 
159.  407 4.35E-05 0 EU281854.1 86.65 Eubacterium sp. 
160.  6714 7.61E-05 0 HM626173.1 86.61 Oscillibacter sp. 
161.  12765 6.87E-05 0 EU281854.1 86.55 Eubacterium sp.  
162.  11897 0.0004011 0 EU281854.1 86.49 Eubacterium sp. 
163.  654 0.0001653 0 EU281854.1 86.37 Eubacterium sp. 
164.  740 0.0006824 0 HM626173.1 86.35 Oscillibacter sp. 
165.  723 0.0003106 0 AB200223.1 86.29 Bacteroides coprocola 
166.  13473 4.35E-05 0 HM626173.1 86.28 Oscillibacter sp. 
167.  6695 0.0002262 0 EU281854.1 86.27 Eubacterium sp. 
168.  25 0.0001044 0 AY082449.1 86.25 Bacteroides sp. 
169.  237 0.0001196 0 Z49863.1 86.16 Sporobacter termitidis 
170.  1599 0.0007441 0 EU281854.1 86.11 Eubacterium sp 
171.  1649 6.09E-05 0 M57737.1 86.1 Treponema bryantii 
172.  28113 0.0003184 0 AB547688.1 86.08 Prevotella loescheii 
173.  29592 0.0001906 0 M57737.1 86.08 Treponema bryantii 
174.  335 0.0003458 0 AB537982.1 86.01 Hydrogenoanaerobacterium sp. 
175.  7149 4.35E-05 0 EU281854.1 86.01 Eubacterium sp. 
176.  2334 0.0006999 0 EU281854.1 86.01 Eubacterium sp. 
177.  195 4.35E-05 0 AB491208.1 85.98 Clostridium sp. 
178.  358 0.0001218 0 AB159680.1 85.91 Pleomorphomonas oryzae 
179.  8116 4.35E-05 0 EU281854.1 85.83 Eubacterium sp. 
180.  15685 0.0001703 0 AB490809.1 85.82 Catabacter sp 
181.  6043 0.0001122 0 EF999972.1 85.71 Haloplasma contractile 
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182.  24713 0.0004831 0 NR_024661.1 85.57 Eubacterium ruminantium 
183.  6859 4.35E-05 0 EU281854.1 85.54 Eubacterium sp. 
184.  29379 0.0003688 0 ACRB01000001.1 85.52 Prevotella buccae 
185.  8705 0.0003406 0 HM626173.1 85.5 Oscillibacter sp 
186.  8529 0.0001739 0 AB331897.1 85.43 Paraprevotella xylaniphila  
187.  5134 0.0004367 0 FJ808608.1 85.4 Clostridium sp. 
188.  5677 0.000435 0 EU281854.1 85.4 Eubacterium sp. 
189.  29918 0.0004652 0 NC_009012.1 85.4 Clostridium thermocellum 
190.  10052 0.0003434 0 ABAW02000017.1 85.37 Eubacterium dolichum 
191.  4090 0.0001122 0 EU158190.1 85.34 Clostridium sp.  
192.  828 6.87E-05 0 AB490809.1 85.33 Catabacter sp. 
193.  298 0.0001044 0 AY949859.1 85.33 Clostridium sp. 
194.  1322 8.70E-05 0 AY178844.1 85.24 Treponema sp. 
195.  2009 0.0001016 0 AB547681.1 85.23 Prevotella dentasini 
196.  6163 0.0002031 0 AB510707.1 85.19 Bacteroides salyersiae  
197.  26721 0.0005107 0 AJ006457.1 85.15 Prevotella bryantii 
198.  1944 0.0002092 0 M57737.1 85.12 Treponema bryantii 
199.  23958 0.0003025 0 AJ318889.1 85.11 Ruminococcus sp. 
200.  12728 0.000351 0 AY574991.1 84.86 Catabacter hongkongensis 
201.  2174 7.61E-05 0 AY574991.1 84.84 Catabacter hongkongensis 
202.  3967 0.0004546 0 AJ318889.1 84.83 Ruminococcus sp. 
203.  14928 0.0004702 0 AJ318889.1 84.83 Ruminococcus sp. 
204.  706 0.0004573 0 EU281854.1 84.8 Eubacterium sp. 
205.  2229 0.0008849 0 EU281854.1 84.8 Eubacterium sp 
206.  8143 0.0003199 0 EU281854.1 84.62 Eubacterium sp. 
207.  425 4.35E-05 0 AJ318889.1 84.58 Ruminococcus sp. 
208.  342 0.0004739 0 EU281854.1 84.58 Eubacterium sp 
209.  433 6.87E-05 0 AJ431235.1 84.53 Cytophaga sp. 
210.  1784 4.35E-05 0 AF302940.1 84.52 Treponema pectinovorum 
211.  918 0.0001984 0 AF031479.1 84.49 Acholeplasma vituli  
212.  12795 6.87E-05 0 EU281854.1 84.38 Eubacterium sp. 
213.  29241 0.000305 0 EU281854.1 84.38 Eubacterium sp.  
214.  2003 0.0003506 0 AJ318889.1 84.33 Ruminococcus sp. 
215.  19892 0.0001653 0 AY949859.1 84.23 Clostridium sp. 
216.  7819 0.000445 0 EU281854.1 84.18 Eubacterium sp. 
217.  2187 7.61E-05 0 AB537982.1 84.12 Hydrogenoanaerobacterium sp. 
218.  19096 0.0002309 0 CP001850.1 84.03 Clostridiales genomosp. 
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219.  615 0.0001016 0 AY574991.1 84.02 Catabacter hongkongensis 
220.  11769 0.0001296 0 EF494749.1 83.99 Erysipelothrix sp. 
221.  8902 0.0017971 0 EU281854.1 83.98 Eubacterium sp. 
222.  1968 0.0003488 0 EU281854.1 83.98 Eubacterium sp. 
223.  1328 0.0001122 0 AY049713.1 83.98 Victivallis vadensis 
224.  37020 0.0003199 0 AJ318889.1 83.83 Ruminococcus sp.  
225.  5839 0.0005036 0 AY949857.1 83.82 Clostridium sp. strain 
226.  7849 0.0004906 0 EU281854.1 83.81 Eubacterium sp. 
227.  8586 7.87E-05 0 EU281854.1 83.77 Eubacterium sp. 
228.  993 0.0003434 0 Z49863.1 83.69 Sporobacter termitidis 
229.  16521 4.35E-05 0 AB490809.1 83.62 Catabacter sp. 
230.  778 6.87E-05 0 AJ318889.1 83.58 Ruminococcus sp. 
231.  27691 0.0002184 0 AJ318889.1 83.58 Ruminococcus sp. 
232.  1993 0.0003662 0 AY442822.1 83.57 Ruminococcus sp. 
233.  9335 0.000277 0 EU281854.1 83.47 Eubacterium sp. 
234.  11727 0.0001016 0 X93926.1 83.47 Spirochaeta asiatica 
235.  4654 7.87E-05 0 EU281854.1 83.47 Eubacterium sp. 
236.  35717 0.0003641 0 EU281854.1 83.4 Eubacterium sp 
237.  1272 0.0001196 0 DQ882650.1 83.37 Ruminococcus sp. 
238.  8470 6.09E-05 0 DQ882650.1 83.37 Ruminococcus sp. 
239.  5392 0.0002262 0 AB490809.1 83.16 Catabacter sp 
240.  17209 0.0008529 0 EU281854.1 83.1 Eubacterium sp. 
241.  25112 0.0007566 0 EU281854.1 83.1 Eubacterium sp. 
242.  3033 0.0001016 0 AB540020.1 83.06 Spirochaeta sp. 
243.  9225 0.0004397 0 AB261128.1 83 Parabacteroides johnsonii 
244.  1338 0.0001016 0 CP002028.1 82.95 Thermincola potens 
245.  7960 0.0004221 0 HM626173.1 82.93 Oscillibacter sp. 
246.  735 6.09E-05 0 AB362815.1 82.93 Xanthobacillum maris 
247.  5049 0.0001016 0 X81125.1 82.89 Clostridium viride  
248.  279 0.0001196 0 AJ011683.1 82.87 Prevotella albensis 
249.  261 0.0001475 0 AY608697.1 82.86 Bacteroides sp 
250.  20185 0.000145 0 X81125.1 82.82 Clostridium viride 
251.  34582 6.09E-05 0 AJ318864.1 82.72 Ruminococcus sp.  
252.  5054 6.87E-05 0 AB125279.1 82.6 Clostridium straminisolvens 
253.  12962 6.87E-05 0 EU189022.1 82.56 Alistipes sp. 
254.  7354 0.0002031 0 AB491208.1 82.54 Clostridium sp. 
255.  23771 6.09E-05 0 EU057606.1 82.4 Clostridium sp. 
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256.  28734 0.0002693 0 AY800103.1 82.32 Spirochaeta sp. 
257.  17786 0.0002414 0 AB260026.1 82.3 Bacteroides coprophilus 
258.  9604 0.0002745 0 AB554232.1 82.29 Alistipes putredinis 
259.  2280 0.0002997 0 AJ229251.1 82.28 Clostridium sp 
260.  43 0.0028547 0 EU281854.1 82.28 Eubacterium sp 
261.  36277 0.0023802 0 EU281854.1 82.28 Eubacterium sp. 
262.  2097 7.87E-05 0 FJ862827.1 82.26 Bacteroides sp. 
263.  931 0.0001522 0 AJ518873.1 82.25 Lachnobacterium sp 
264.  1801 0.0002519 0 X81840.1 82.21 Cyanophora paradoxa 
265.  9231 0.0007555 0 AB125279.1 82.2 Clostridium straminisolvens 
266.  26950 0.0004341 0 EU281854.1 82.2 Eubacterium sp. 
267.  873 0.0002031 0 AJ229250.1 82.18 Clostridium sp. 
268.  14862 0.0002309 0 EU281854.1 82.15 Eubacterium sp. 
269.  4291 7.61E-05 0 AB186360.1 82.11 Clostridium sp. 
270.  8297 0.0003151 0 AB547708.1 82.06 Tannerella forsythia  
271.  26275 0.0002825 0 AJ629069.1 82.02 Eubacterium sp. 
272.  4982 4.35E-05 0 EU281854.1 82.02 Eubacterium sp 
273.  18259 6.09E-05 0 HM756303.1 81.98 Clostridium thermopalmarium 
274.  30940 0.0004424 0 AB490809.1 81.93 Catabacter sp. 
275.  619 0.000376 0 EU281854.1 81.93 Eubacterium sp. 
276.  19390 7.87E-05 0 AB247144.1 81.89 Bacteroides uniformis  
277.  2567 7.61E-05 0 AM980879.1 81.85 Hevizibacter sp. 
278.  90 0.0003049 0 EU281854.1 81.84 Eubacterium sp. 
279.  1012 4.35E-05 0 EU281854.1 81.8 Eubacterium sp. 
280.  9002 0.0005171 0 EU281854.1 81.8 Eubacterium sp. 
281.  42733 0.0001122 0 EU281854.1 81.78 Eubacterium sp 
282.  17098 6.87E-05 0 AY487928.1 81.75 Acetanaerobacterium elongatum 
283.  1097 0.0001122 0 AB501165.1 81.71 Prevotella sp. 
284.  2088 0.0001906 0 AB186360.1 81.7 Clostridium sp. 
285.  1736 0.0001016 0 AP006841.1 81.66 Bacteroides fragilis 
286.  10703 0.0003334 0 FN555230.1 81.63 Clostridium thermocellum 
287.  35835 0.0002564 0 EU281854.1 81.62 Eubacterium sp.  
288.  8558 0.0001016 0 EU281854.1 81.62 Eubacterium sp. 
289.  2723 0.0001222 0 EF491666.1 81.6 Spiroplasma sp 
290.  12857 6.87E-05 0 HM021726.1 81.6 Olivibacter sp. 
291.  10270 7.87E-05 0 AJ311394.1 81.6 Acholeplasma axanthum 
292.  7170 0.0003787 0 GU470896.1 81.57 Capnocytophaga sp. 
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293.  46 7.87E-05 0 AF349724.1 81.53 Turicibacter sanguinis 
294.  8753 6.87E-05 0 AB547643.1 81.49 Bacteroides graminisolvens 
295.  31127 0.000353 0 FJ876270.1 81.44 Acholeplasma axanthum 
296.  29819 0.0002166 0 HM159982.1 81.44 Rummeliibacillus sp. 
297.  10268 0.0001016 0 EU281854.1 81.41 Eubacterium sp. 
298.  382 6.87E-05 0 AJ313027.1 81.38 Brevibacillus 
299.  10856 7.87E-05 0 AY591911.1 81.34 Brevibacillus brevis 
300.  45 0.0001625 0 AY278624.1 81.3 Prevotella genomosp. 
301.  1047 7.61E-05 0 AB253729.1 81.29 Bacteroides barnesiae 
302.  508 4.35E-05 0 GU561349.1 81.24 Prevotella loescheii 
303.  25302 0.0001522 0 M23732.1 81.24 Clostridium innocuum 
304.  25417 0.000257 0 EU281854.1 81.21 Eubacterium sp.  
305.  9601 7.61E-05 0 GU968174.1 81.08 Bacteroides fragilis 
306.  2442 7.87E-05 0 AB547708.1 81.07 Tannerella forsythia 
307.  1695 7.61E-05 0 AY257485.1 81 Mesoplasma pleciae 
308.  5746 6.09E-05 0 AB510696.1 80.93 Bacteroides acidifaciens 
309.  9904 6.87E-05 0 EU728719.1 80.93 Alistipes sp. 
310.  39340 0.000259 0 AB443949.1 80.89 Butyricimonas virosa 
311.  30058 0.0004095 0 AY189310.1 80.89 Spiroplasma turonicum 
312.  3567 6.09E-05 0 AB271136.1 80.89 Bacillus funiculus 
313.  11165 7.87E-05 0 AY591911.1 80.77 Brevibacillus brevis 
314.  3869 0.0004828 0 FN563101.1 80.75 Pyramimonas disomata 
315.  25000 0.0002234 0 AJ311394.1 80.69 Acholeplasma axanthum 
316.  24604 0.000244 0 AJ629069.1 80.61 Eubacterium sp. 
317.  1727 0.000137 0 AJ431235.1 80.6 Cytophaga sp 
318.  3193 0.0003025 0 AY949859.1 80.54 Clostridium sp. 
319.  8976 0.0004097 0 HM038000.1 80.45 Vampirovibrio chlorellavorus  
320.  17793 6.09E-05 0 AJ518873.1 80.45 Lachnobacterium sp. 
321.  40753 0.0001016 0 AP006841.1 80.44 Bacteroides fragilis 
322.  24747 0.0003079 0 DQ285071.1 80.42 Erythrobacter sp. 
323.  3765 0.000267 0 EF999972.1 80.29 Haloplasma contractile 
324.  1821 0.0002792 0 FN393747.1 80.28 Aquiflexum sp 
325.  41662 0.0002719 0 AP006841.1 80.24 Bacteroides fragilis 
326.  822 6.09E-05 0 AJ629069.1 80.11 Eubacterium sp. 
327.  41075 0.0003384 0 AY699288.1 80.08 Clostridium ramosum 
328.  39974 0.0002057 0 EF014452.1 80.04 Bacillus coahuilensis 
329.  7314 6.09E-05 0 AY918928.1 79.96 Prolixibacter bellariavorans 
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330.  27736 4.35E-05 0 AY591911.1 79.96 Brevibacillus brevis 
331.  1597 0.0001631 0 AY974072.1 79.96 Alistipes sp. 
332.  1836 0.0002823 0 EU281854.1 79.95 Eubacterium sp. 
333.  34958 4.35E-05 0 GU968174.1 79.92 Bacteroides fragilis  
334.  25597 4.35E-05 0 X70313.1 79.91 Exiguobacterium acetylicum 
335.  1493 4.35E-05 0 AB117564.1 79.84 Bacteroides uniformis  
336.  1781 0.0004446 0 FN393747.1 79.67 Aquiflexum sp. 
337.  27 0.0001575 0 AP006841.1 79.64 Bacteroides fragilis 
338.  30517 0.0006051 0 AF349724.1 79.62 Turicibacter sanguinis 
339.  27565 0.0003553 0 FN391894.1 79.43 Rhodospirillum sp.  
340.  2371 0.0003558 0 AY989908.1 79.41 Pontibacter actiniorum 
341.  22307 0.0006022 0 DQ285071.1 79.37 Erythrobacter sp. 
342.  877 0.0004595 0 AY612772.1 79.35 Hongiella sp. 
343.  614 0.0001475 0 AF031479.1 79.21 Acholeplasma vituli 
344.  3432 0.0010419 0 AY989908.1 79.2 Pontibacter actiniorum 
345.  25164 0.0001016 0 AB249372.1 79.12 Sphingobacterium daejeonense 
346.  8568 0.000137 0 AB271132.1 79.11 Bacillus funiculus  
347.  8090 0.0003105 0 AB078038.1 79.1 Flexibacter aggregans 
348.  8023 0.0002392 0 HM439459.1 79.07 Paenibacillus lautus 
349.  6733 0.0005852 0 FJ800033.1 79.07 Sediminibacter sp. 
350.  31179 0.0001522 0 AY189317.1 79.03 Spiroplasma sp.  
351.  11436 0.0003401 0 AB510696.1 78.92 Bacteroides acidifaciens 
352.  1557 0.0002719 0 DQ285071.1 78.8 Erythrobacter sp. 
353.  745 0.0004724 0 GQ503321.1 78.66 Pontibacter korlensis 
354.  9249 0.0002853 0 GU168019.1 78.65 Roseomonas sp. 
355.  3492 0.0001992 0 GQ344404.1 78.62 Pedobacter sp.  
356.  552 4.35E-05 0 GQ503321.1 78.41 Pontibacter korlensis 
357.  2998 0.0004324 0 FN393747.1 78.3 Aquiflexum sp 
358.  995 0.0004195 0 AB359907.1 78.3 Limibacter armeniacum 
359.  576 0.000773 0 GQ503321.1 78.09 Pontibacter korlensis 
360.  3926 0.0003758 0 FN431788.1 78.09 Pontibacter korlensis 
361.  3744 0.0002464 0 GQ503321.1 78.09 Pontibacter korlensis 
362.  3477 0.0001396 0 GQ503321.1 78.05 Pontibacter korlensis 
363.  668 7.87E-05 0 AB249372.1 78 Sphingobacterium daejeonense  
364.  675 0.0004984 0 FJ820337.1 77.97 Streptomyces sp. 
365.  789 0.0004909 0 GQ503321.1 77.89 Pontibacter korlensis  
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367.  3738 0.0003612 0 GQ503321.1 77.85 Pontibacter korlensis 
368.  4420 0.0001218 0 AB359908.1 77.85 Limibacter armeniacum 
369.  3928 0.0004275 0 GQ503321.1 77.85 Pontibacter korlensis 
370.  544 7.61E-05 0 AY741146.1 77.83 Azospirillum amazonense 
371.  3979 0.0001016 0 AY695840.1 77.78 Opitutus sp. 
372.  4505 0.0002062 0 FJ800033.1 77.76 Sediminibacter sp. 
373.  4367 0.0001983 0 GQ503321.1 77.69 Pontibacter korlensis 
374.  3960 0.0002336 0 FJ800033.1 77.66 Sediminibacter sp. 
375.  977 0.0001739 0 DQ421387.1 77.66 Olivibacter itius 
376.  890 8.70E-05 0 FJ800033.1 77.64 Sediminibacter sp. 
377.  3612 0.0002999 0 DQ421387.1 77.57 Olivibacter itius  
378.  4394 0.0002853 0 GQ503321.1 77.48 Pontibacter korlensis 
379.  1216 0.0008296 0 DQ092871.1 77.48 Pedobacter koreensis 
380.  8376 0.0007073 0 GQ503321.1 77.44 Pontibacter korlensis 
381.  15023 0.0005287 0 EF494749.1 77.39 Erysipelothrix sp.  
382.  32635 0.0001122 0 FN393747.1 77.24 Aquiflexum sp. 
383.  3747 7.87E-05 0 FJ800033.1 77.24 Sediminibacter sp. 
384.  1600 0.0004456 0 AY989908.1 77.21 Pontibacter actiniorum 
385.  3949 0.0002344 0 AY989908.1 77.2 Pontibacter actiniorum 
386.  11565 0.000577 0 GQ503321.1 77.08 Pontibacter korlensis 
387.  1504 0.000735 0 FJ800033.1 77.03 Sediminibacter sp. 
388.  2015 6.87E-05 0 AY989908.1 76.78 Pontibacter actiniorum 
389.  1122 0.0006008 0 GU377107.1 76.78 Flavobacterium sp. 
390.  33651 0.0003947 0 AB359908.1 76.6 Limibacter armeniacum 
391.  8164 0.0005678 0 GQ503321.1 76.52 Pontibacter korlensis 
392.  2514 0.0002747 0 GQ927312.1 76.48 Pontibacter sp. 
393.  960 0.0006234 0 EF693742.1 76.45 Pedobacter kwangyangensis 
394.  2347 4.35E-05 0 GQ503321.1 76.41 Pontibacter korlensis 
395.  9063 6.09E-05 0 FN431788.1 76.27 Pontibacter korlensis  
396.  1244 0.0003893 0 GQ503321.1 76.22 Pontibacter korlensis 
397.  1616 0.0001016 0 GQ503321.1 75.86 Pontibacter korlensis 
398.  12660 0.0003227 0 AY239469.1 75.78 Enterococcus sp.  
399.  1441 0.0001883 0 AY925092.1 74.95 Clostridium sp. 
400.  1541 0.0002853 0 AB265184.1 74.9 Flexibacter sp.  
401.  26028 0.0001222 0 AM113785.1 73.96 Lactobacillus suebicus  
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Appendix C. List of 836 OTUs that statistically presence both in cattle co-grazed with camels (Cat_Co_R) and cattle grazed alone (Cat_Alone_R) with ANOVA 
analysis using false discovery rate (FDR) correction. OTUs were classified using data from the Ribosomal D atabase Project (RDP) and referenced data from the 
GenBank (BLAST) database. Closest relative and reference according to GenBank is listed along with its accession number and p ercent identity. # Reading value of 
1 represent 100% composition, meanwhile E-05 represent value divide by 100,000. 
Number OTU Cat_Co_R# Cat_Alone_R# classification Accession no. Similarity % Bacterium 
1.  15033 0.00024442 0.000175728 Clostridiales   HM104829 99.3 uncultured Firmicutes bacterium 
2.  38972 0.000732881 0.000214534 Firmicutes   JF631378 99.2 uncultured bacterium 
3.  1454 0.000687366 0.00056465 Bacteroidetes HM104768 98.7 uncultured Bacteroidetes bacterium 
4.  1224 0.000155693 0.000128268 Ruminococcaceae   JN803226 98.7 uncultured organism 
5.  61 0.002624417 0.002531694 Bacteroidetes JF642601 98.5 uncultured bacterium 
6.  703 0.000899906 0.000469709 Prevotella   JF633312 98.5 uncultured bacterium 
7.  41723 0.000722234 0.000188889 Saccharofermentans HM104903 98.5 uncultured Firmicutes bacterium 
8.  23282 0.000419523 0.0000447 Victivallis   HM105091 98.4 uncultured Lentisphaerae bacterium 
9.  14988 0.000198313 0.0000835 Ruminococcaceae   JF634059 98.4 uncultured bacterium 
10.  48 0.002821642 0.00278449 Lachnospiraceae JF615695 98.3 uncultured bacterium 
11.  212 0.00034796 0.0000863 Bacteroidales JF619529 98.3 uncultured bacterium 
12.  468 0.002839611 0.000895852 Prevotella JF633335 98.1 uncultured bacterium 
13.  37 0.001224425 0.002789298 Lachnospiraceae JF656692 98.1 uncultured bacterium 
14.  138 0.000791824 0.000649252 Ruminococcaceae   JF656987 98 uncultured bacterium 
15.  315 0.001258989 0.001134691 Ruminococcaceae JF666740 97.8 uncultured bacterium 
16.  16712 0.00101511 0.000592585 TM7_genera_incertae_sedis   JN834486 97.8 uncultured bacterium 
17.  583 0.002060174 0.000452547 Prevotella JF614306 97.7 uncultured bacterium 
18.  1435 0.000394276 0.000148485 Bacteroidales JF656980 97.7 uncultured bacterium 
19.  42530 0.000328382 0.000278417 Prevotella   HQ201827 97.7 uncultured Bacteroidales bacterium 
20.  2628 0.00138553 0.000490734 Clostridiales JF659290 97.5 uncultured bacterium 
21.  734 0.000264044 0.000165943 Bacteroidetes JF645353 97.5 uncultured bacterium 
22.  27993 0.001232941 0.000786128 Lachnospiraceae FJ970691 97.4 uncultured bacterium 
23.  659 0.004357702 0.001919863 unclassified_Bacteria   JF635756 97.3 uncultured bacterium 
24.  39530 0.001537633 0.000460829 Prevotella JF666409 97.3 uncultured bacterium 
25.  26334 0.000840749 0.000230891 Firmicutes   JF640033 97.3 uncultured bacterium 
26.  696 0.000294913 0.0000431 Prevotella   JF633131 97.3 uncultured bacterium 
27.  25437 0.000277902 0.000210208 Prevotella   JF642119 97.3 uncultured bacterium 
28.  33146 0.000275492 0.0000447 Bacteroidetes HM104896 97.3 uncultured Bacteroidetes bacterium 
29.  16495 0.000180502 0.0000863 unclassified_Bacteria HM104815 97.3 uncultured Firmicutes bacterium 
30.  168 0.0000761 0.0000404 Lachnospiraceae   JF664762 97.3 uncultured bacterium 
31.  4803 0.000984456 0.000191685 Ruminococcaceae   JF616203 97.1 uncultured bacterium 
32.  679 0.000881513 0.000584703 Clostridiales   JF655601 97.1 uncultured bacterium 
33.  176 0.002524127 0.001496427 Ruminococcaceae JF628264 96.9 uncultured bacterium 
34.  368 0.00226145 0.000415272 Prevotella JF634485 96.9 uncultured bacterium 
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35.  2024 0.000794179 0.000684198 TM7_genera_incertae_sedis   JF630636 96.9 uncultured bacterium 
36.  29330 0.0000435 0.0000431 Prevotella   HM105392 96.9 uncultured Bacteroidetes bacterium 
37.  5 0.042334012 0.003481851 Bacteroidetes HM104896 96.8 uncultured Bacteroidetes bacterium 
38.  769 0.000287147 0.0000879 Lachnospiraceae   JF655388 96.8 uncultured bacterium 
39.  249 0.001431027 0.000123941 TM7_genera_incertae_sedis   JF665089 96.7 uncultured bacterium 
40.  18231 0.000419737 0.0000835 Prevotellaceae JF634877 96.7 uncultured bacterium 
41.  2210 0.000208372 0.0000447 Lachnospiraceae   JF639077 96.7 uncultured bacterium 
42.  258 0.000137457 0.000105419 Bacteroidales JF613885 96.7 uncultured bacterium 
43.  1512 0.000745504 0.000217729 Bacteroidales HM104790 96.5 uncultured Bacteroidetes bacterium 
44.  655 0.000364489 0.000700926 Prevotella   JF667341 96.5 uncultured bacterium 
45.  30201 0.000256395 0.0000431 Bacteroidales JF644829 96.5 uncultured bacterium 
46.  320 0.000223396 0.000150149 Lachnospiraceae   JF621100 96.5 uncultured bacterium 
47.  2485 0.0000609 0.0000431 Succiniclasticum JF617065 96.5 uncultured bacterium 
48.  4518 0.000604097 0.000470035 unclassified_Bacteria JF654178 96.4 uncultured bacterium 
49.  2732 0.000218372 0.000172999 Lachnospiracea_incertae_sedis   JF646070 96.4 uncultured bacterium 
50.  2157 0.000165314 0.0000835 Clostridiales   GQ214306 96.4 uncultured bacterium 
51.  51 0.000145046 0.00014041 Prevotella   JF634537 96.4 uncultured bacterium 
52.  17 0.002053014 0.00085382 Firmicutes JF640033 96.3 uncultured bacterium 
53.  36747 0.00061826 0.000145756 Bacteroidetes JF615159 96.3 uncultured bacterium 
54.  6133 0.00022115 0.0000431 Spirochaetales   JF634627 96.3 uncultured bacterium 
55.  5725 0.000763032 0.000470102 Ruminococcaceae   HM104840 96.2 uncultured bacterium 
56.  9882 0.000404066 0.000150149 Bacteroidetes JF643649 96.2 uncultured bacterium 
57.  860 0.001034302 0.00087047 Butyrivibrio   JF645845 96.1 uncultured bacterium 
58.  942 0.000361441 0.0000851 Bacteroidales JF665005 96.1 uncultured bacterium 
59.  22318 0.00025902 0.000150149 Prevotella   JF651009 96.1 uncultured bacterium 
60.  511 0.001735513 0.000720094 Prevotella JF629847 96 uncultured bacterium 
61.  142 0.000927239 0.00089508 Clostridiales   JF656609 96 uncultured bacterium 
62.  263 0.000521888 0.000165943 unclassified_Bacteria   JF633595 96 uncultured bacterium 
63.  34709 0.000408812 0.000145756 Clostridiales   JF541470 96 uncultured bacterium 
64.  19821 0.00035058 0.000251174 Prevotella   JF622632 96 uncultured bacterium 
65.  1155 0.000101564 0.0000808 Lachnospiraceae   JF648914 96 uncultured bacterium 
66.  35126 0.00025902 0.000191685 Lachnospiraceae   GU563943 95.9 uncultured bacterium 
67.  2021 0.001032543 0.000456435 Ruminococcaceae   JF642258 95.8 uncultured bacterium 
68.  39442 0.000165692 0.00014041 Porphyromonadaceae HM104746 95.8 uncultured Bacteroidetes bacterium 
69.  14989 0.002445566 0.001115452 Victivallis HM105091 95.7 uncultured Lentisphaerae bacterium 
70.  606 0.002002984 0.000423707 Prevotella JF613839 95.7 uncultured bacterium 
71.  124 0.000638482 0.000278351 Bacteroidetes JF639429 95.7 uncultured bacterium 
72.  3177 0.000407547 0.000364617 Bacteroidetes JF666636 95.7 uncultured bacterium 
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73.  164 0.00038839 0.003642082 Lachnospiraceae   JF637732 95.7 uncultured bacterium 
74.  927 0.000381015 0.000234751 unclassified_Bacteria   JQ101837 95.7 uncultured bacterium 
75.  376 0.000846481 0.00063924 Lachnospiraceae   EU842477 95.6 uncultured bacterium 
76.  34154 0.0000609 0.0000447 Ruminococcaceae   JF667786 95.6 uncultured bacterium 
77.  36 0.017681321 0.010260214 Bacteroidetes JF615159 95.5 uncultured bacterium 
78.  2846 0.003080795 0.001755518 Bacteroidetes HM105307 95.5 uncultured Bacteroidetes bacterium 
79.  731 0.000933175 0.000595738 unclassified_Bacteria   HM105429 95.5 uncultured Firmicutes bacterium 
80.  928 0.000264632 0.000148552 Ruminococcaceae   JF653366 95.4 uncultured bacterium 
81.  21734 0.000220936 0.000188889 Olsenella   JN834574 95.4 uncultured bacterium 
82.  27655 0.000147456 0.00014041 Sporobacter   HM104905 95.4 uncultured Firmicutes bacterium 
83.  1094 0.000372301 0.000256536 Clostridiales   JF628549 95.3 uncultured bacterium 
84.  26063 0.000154831 0.0000835 Prevotella   HM104723 95.3 uncultured Bacteroidetes bacterium 
85.  23843 0.001301884 0.001044128 Victivallis HM105091 95.2 uncultured Lentisphaerae bacterium 
86.  31849 0.000510166 0.0000404 Clostridiales   JF638098 95.2 uncultured bacterium 
87.  1028 0.000491677 0.000254938 Ruminococcaceae   HM104894 95.2 uncultured Firmicutes bacterium 
88.  1908 0.000484075 0.0000851 TM7_genera_incertae_sedis   JF636004 95.2 uncultured bacterium 
89.  550 0.000320146 0.000278351 Ruminococcus AF104845 95.2 Ruminococcus albus 
90.  1176 0.000897929 0.000671599 Oscillibacter   JF535146 95.1 uncultured bacterium 
91.  36589 0.00049124 0.000129865 Bacteroidales JF629426 95.1 uncultured bacterium 
92.  2979 0.000378665 0.0000431 Ruminococcaceae   JF531922 95.1 uncultured bacterium 
93.  11171 0.000203128 0.000193216 Ruminococcaceae   JF652591 95.1 uncultured bacterium 
94.  26537 0.000157456 0.0000851 Prevotella   JF633443 95.1 uncultured bacterium 
95.  1913 0.0007086 0.000448732 Lachnospiraceae   JF632201 95 uncultured bacterium 
96.  254 0.003307613 0.001110547 Prevotella JF655571 94.9 uncultured bacterium 
97.  3623 0.000806797 0.000226676 Ruminococcaceae   JF663797 94.9 uncultured bacterium 
98.  21939 0.000645213 0.000350618 Lachnospiraceae   HM104858 94.9 uncultured Firmicutes bacterium 
99.  7929 0.000444709 0.0000895 TM7_genera_incertae_sedis   JF639503 94.9 uncultured bacterium 
100.  2176 0.000249668 0.0000447 Bacteroidetes JF659632 94.9 uncultured bacterium 
101.  388 0.001274828 0.000272493 Prevotella JF657934 94.8 uncultured bacterium 
102.  1972 0.0000609 0.0000431 TM7_genera_incertae_sedis   JF652173 94.8 uncultured bacterium 
103.  39556 0.000538899 0.000383702 Prevotella   JF648045 94.7 uncultured bacterium 
104.  31055 0.000358607 0.000190553 Prevotella   JF649304 94.7 uncultured bacterium 
105.  26909 0.000344007 0.000105352 Lachnospiraceae   JF639955 94.7 uncultured bacterium 
106.  42 0.002288286 0.001425032 Bacteroidetes AY578500 94.6 uncultured bacterium 
107.  27625 0.000513648 0.0000808 Prevotella   JF659165 94.6 uncultured bacterium 
108.  1100 0.00100174 0.000316122 Prevotella   JF656517 94.5 uncultured bacterium 
109.  760 0.000837507 0.000714666 Ruminococcaceae   JF562665 94.5 uncultured bacterium 
110.  2060 0.00034796 0.0000431 Ruminococcaceae   HM104758 94.5 uncultured Firmicutes bacterium 
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111.  34485 0.000180502 0.0000851 Prevotella   EU290030 94.5 uncultured bacterium 
112.  20824 0.000137457 0.000105419 Prevotellaceae HM104930 94.5 uncultured bacterium 
113.  1543 0.004826838 0.00186787 Pseudobutyrivibrio AF125900 94.4 Butyrivibrio fibrisolvens 
114.  421 0.002632212 0.001764724 Prevotellaceae JF626634 94.4 uncultured bacterium 
115.  729 0.001693108 0.000718547 Prevotella JF646160 94.4 uncultured bacterium 
116.  30310 0.000733285 0.0000835 Prevotellaceae JF618257 94.4 uncultured bacterium 
117.  31302 0.000607841 0.000497971 Clostridiales   JF631355 94.4 uncultured bacterium 
118.  33056 0.00199223 0.001600175 Succiniclasticum JF659942 94.3 uncultured bacterium 
119.  534 0.001171541 0.000210674 Bacteroidetes JF649734 94.3 uncultured bacterium 
120.  38326 0.000395872 0.00037678 Bacteroidetes JF660279 94.3 uncultured bacterium 
121.  3905 0.000259667 0.000210837 Bacteroidetes HM104796 94.3 uncultured Bacteroidetes bacterium 
122.  31135 0.000748129 0.000629464 Clostridiales   JF636929 94.2 uncultured bacterium 
123.  31250 0.000531086 0.000359159 Bacteroidetes JF644617 94.2 uncultured bacterium 
124.  16799 0.000492355 0.000226676 TM7_genera_incertae_sedis   JF644147 94.2 uncultured bacterium 
125.  742 0.000381439 0.000288895 Ruminococcaceae   JF536628 94.2 uncultured bacterium 
126.  1551 0.000343643 0.0000851 Firmicutes   JF536706 94.2 uncultured bacterium 
127.  972 0.000295337 0.000259731 Ruminococcaceae   HM104956 94.2 uncultured Firmicutes bacterium 
128.  14819 0.000279665 0.000210837 Saccharofermentans   HM104862 94.2 uncultured Firmicutes bacterium 
129.  66 0.007064946 0.001497928 Bacteroidales JF666534 94.1 uncultured bacterium 
130.  3 0.001940156 0.000837847 Victivallis HM104750 94.1 uncultured bacterium 
131.  20298 0.000239171 0.000105419 Prevotellaceae JF649644 94.1 uncultured bacterium 
132.  3497 0.000144832 0.0000808 Butyrivibrio   AY578590 94.1 uncultured bacterium 
133.  10194 0.000130446 0.000105419 Lachnospiraceae   JN834653 94.1 uncultured bacterium 
134.  12755 0.0000687 0.0000447 Bacteroidetes HM104980 94.1 uncultured Bacteroidetes bacterium 
135.  28 0.005052581 0.004015574 Bacteroidetes JF635463 94 uncultured bacterium 
136.  732 0.003047361 0.000905428 unclassified_Bacteria   HM104985 94 uncultured Firmicutes bacterium 
137.  825 0.0000687 0.0000447 Firmicutes   JF642029 94 uncultured bacterium 
138.  32703 0.001763333 0.000939745 Clostridiales  JF641076 93.9 uncultured bacterium 
139.  443 0.000846635 0.00066658 Prevotella JF659300 93.9 uncultured bacterium 
140.  715 0.000571292 0.00040349 Desulfuromonadales   HM105322 93.9 uncultured proteobacterium 
141.  20184 0.000353204 0.000105419 Prevotella   JF662827 93.9 uncultured bacterium 
142.  9092 0.000233559 0.000134192 Clostridiales   HM104752 93.9 uncultured Firmicutes bacterium 
143.  1833 0.000233559 0.0000447 Rikenella   JF647174 93.8 uncultured bacterium 
144.  15298 0.002491723 0.001783994 Victivallis HM104750 93.7 uncultured Lentisphaerae bacterium 
145.  222 0.001897111 0.001062281 Lachnospiraceae JF646818 93.7 uncultured bacterium 
146.  157 0.003979037 0.002647471 Prevotella JF635856 93.6 uncultured bacterium 
147.  10990 0.000770313 0.000237947 Clostridiales JF630063 93.6 uncultured bacterium 
148.  30118 0.0006204 0.0000879 Prevotella   JF631189 93.6 uncultured bacterium 
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149.  31749 0.000461075 0.000359322 Prevotella   JF644620 93.6 uncultured bacterium 
150.  14334 0.000241855 0.0000404 Bacteroidales AY578626 93.6 uncultured bacterium 
151.  404 0.000130446 0.000105419 Lachnospiraceae   JN834105 93.6 uncultured bacterium 
152.  474 0.002120924 0.00192486 Ruminococcaceae JF552724 93.5 uncultured bacterium 
153.  756 0.00096147 0.000853339 Prevotella   JF633023 93.5 uncultured bacterium 
154.  33529 0.000343359 0.0000431 unclassified_Bacteria   JF631241 93.5 uncultured bacterium 
155.  851 0.001052439 0.000587433 Hallella   JF630924 93.4 uncultured bacterium 
156.  4475 0.000281856 0.000129865 Bacteroidetes JF645751 93.4 uncultured bacterium 
157.  92 0.001014527 0.00017413 Ruminococcaceae GU563944 93.3 uncultured bacterium 
158.  28820 0.000966444 0.000245762 unclassified_Bacteria   JF635756 93.3 uncultured bacterium 
159.  17069 0.000259289 0.000253341 Prevotella   AF018541 93.3 unidentified rumen bacterium 
160.  15111 0.000241855 0.000213403 Sporobacter   HM104905 93.3 uncultured Firmicutes bacterium 
161.  8360 0.002305557 0.000644305 Bacteroidetes HM105307 93.2 uncultured bacterium 
162.  333 0.001861539 0.001685472 Prevotellaceae JF653536 93.2 uncultured bacterium 
163.  1698 0.001024462 0.000374096 Lachnospiraceae   HM104839 93.2 uncultured Firmicutes bacterium 
164.  1895 0.000467602 0.00042424 Prevotella   JF658503 93.2 uncultured bacterium 
165.  33092 0.000350794 0.0000404 Prevotella   JF640055 93.2 uncultured bacterium 
166.  4962 0.0000609 0.0000404 Victivallis   HM105091 93.2 uncultured Lentisphaerae bacterium 
167.  74 0.010642842 0.016621454 Bacteroidetes HM105307 93.1 uncultured Bacteroidetes bacterium 
168.  610 0.001692084 0.000840138 Prevotellaceae AY578359 93.1 uncultured bacterium 
169.  779 0.000414061 0.000264351 Bacteroidetes JF663983 93.1 uncultured bacterium 
170.  601 0.000388711 0.000255501 Lachnospiraceae   GU124463 93.1 rumen bacterium 
171.  1808 0.000279288 0.0000851 Lachnospiraceae   JF659542 93.1 uncultured bacterium 
172.  27053 0.000218372 0.000188956 Prevotella   JF650806 93.1 uncultured bacterium 
173.  11 0.00013702 0.0000447 Prevotellaceae JF632781 93.1 uncultured bacterium 
174.  70 0.001924167 0.000841012 Bacteroidales JF660531 93 uncultured bacterium 
175.  2463 0.001298475 0.000708808 Clostridiales JF539638 93 uncultured bacterium 
176.  17437 0.000863696 0.000512037 TM7_genera_incertae_sedis   JF620547 93 uncultured bacterium 
177.  24089 0.000365875 0.0000447 Victivallis   HM105091 93 uncultured Lentisphaerae bacterium 
178.  1875 0.000289878 0.000174596 Clostridiales   JN803522 93 uncultured bacterium 
179.  128 0.000260091 0.000130997 Ruminococcaceae   JF663540 93 uncultured bacterium 
180.  397 0.00069138 0.0000835 Firmicutes   JF660436 92.9 uncultured bacterium 
181.  16937 0.000619646 0.000350324 unclassified_Bacteria   JF646605 92.9 uncultured bacterium 
182.  25147 0.000297099 0.0000447 unclassified_Bacteria   HM104852 92.9 uncultured Spirochaetes bacterium 
183.  605 0.0000787 0.0000404 Lachnospiraceae   JF631554 92.9 uncultured bacterium 
184.  1708 0.002289861 0.000130997 Prevotella JF616659 92.8 uncultured bacterium 
185.  4931 0.000543496 0.000384901 Ruminococcaceae   HM105072 92.7 uncultured Firmicutes bacterium 
186.  2215 0.00049124 0.00014041 Ruminococcaceae   JF663152 92.7 uncultured bacterium 
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187.  27933 0.000355875 0.0000404 Prevotella   JF616260 92.7 uncultured bacterium 
188.  1498 0.000726845 0.000605359 Prevotella JF635230 92.6 uncultured bacterium 
189.  38565 0.000561517 0.0000447 Clostridiales   HM566208 92.6 uncultured bacterium 
190.  170 0.000482412 0.00046622 Anaerosporobacter   JQ866877 92.6 uncultured bacterium 
191.  990 0.000955584 0.000707077 Ruminococcaceae   JF548202 92.5 uncultured bacterium 
192.  28091 0.000457663 0.000150149 Prevotella   JF662622 92.5 uncultured bacterium 
193.  17161 0.000267466 0.00022936 Victivallis   HM105091 92.5 uncultured Lentisphaerae bacterium 
194.  770 0.000188314 0.0000863 Ruminococcus   HM105047 92.5 uncultured Firmicutes bacterium 
195.  626 0.001278456 0.000796605 Clostridiales EU844050 92.4 uncultured bacterium 
196.  906 0.001225506 0.000765072 unclassified_Bacteria   JF629573 92.4 uncultured bacterium 
197.  41843 0.000645497 0.0000431 Bacteroidetes JF631372 92.4 uncultured bacterium 
198.  41832 0.000499699 0.000278351 Clostridiales   JF615417 92.4 uncultured bacterium 
199.  24477 0.000121832 0.0000404 Victivallis   HM105091 92.4 uncultured Lentisphaerae bacterium 
200.  1964 0.00256854 0.001124098 Clostridiales HM104845 92.3 uncultured Firmicutes bacterium 
201.  799 0.000469519 0.000551422 Prevotellaceae JF656399 92.3 uncultured bacterium 
202.  28327 0.00012221 0.0000851 Prevotellaceae JF661372 92.3 uncultured bacterium 
203.  1130 0.000920711 0.00035541 Clostridiales   JF631733 92.2 uncultured bacterium 
204.  707 0.000432146 0.000191685 Ruminococcaceae   JF649415 92.2 uncultured bacterium 
205.  4511 0.000429732 0.000274024 Lachnospiraceae   JF642607 92.2 uncultured bacterium 
206.  30564 0.000238584 0.000148552 Bacteroidales JF664620 92.2 uncultured bacterium 
207.  40347 0.000302334 0.000150083 Bacteroidetes HQ634738 92.1 uncultured bacterium 
208.  406 0.000101564 0.0000835 Lachnospiraceae   JN834778 92.1 uncultured bacterium 
209.  31052 0.000101564 0.0000808 Clostridiales   JF656310 92.1 uncultured bacterium 
210.  13786 0.0000787 0.0000404 Anaeroplasma   JF628470 92.1 uncultured bacterium 
211.  4488 0.001486182 0.0000447 Oscillibacter JF535146 91.9 uncultured bacterium 
212.  384 0.001437094 0.000976614 Fibrobacter HM104868 91.9 uncultured Fibrobacteres bacterium 
213.  2727 0.001118711 0.000758946 Bacteroidetes JF616853 91.9 uncultured bacterium 
214.  1505 0.000188528 0.0000863 Ruminococcaceae   JF534119 91.9 uncultured bacterium 
215.  11677 0.000165314 0.0000851 Hallella   JF630924 91.9 uncultured bacterium 
216.  22801 0.000977528 0.000295839 Clostridiales   JF624628 91.8 uncultured bacterium 
217.  1362 0.000449958 0.0000447 Ruminococcaceae   JF536975 91.8 uncultured bacterium 
218.  1158 0.000415136 0.000366974 Saccharofermentans   EU348274 91.8 uncultured bacterium 
219.  1110 0.000386901 0.000150149 Prevotella   HM105226 91.8 uncultured Bacteroidetes bacterium 
220.  677 0.000361878 0.000183543 Prevotellaceae JF656216 91.8 uncultured bacterium 
221.  17816 0.000223774 0.00017413 TM7_genera_incertae_sedis JF632933 91.8 uncultured bacterium 
222.  213 0.001745308 0.001491187 Ruminococcaceae JF641613 91.7 uncultured bacterium 
223.  2246 0.000815502 0.000533029 Ruminococcaceae JF656289 91.7 uncultured bacterium 
224.  28158 0.000282066 0.000210837 Prevotella   JF648752 91.7 uncultured bacterium 
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225.  7372 0.000213775 0.0000447 Ruminococcaceae   HM104951 91.7 uncultured Firmicutes bacterium 
226.  1462 0.000203128 0.000190487 Clostridiales   JF631550 91.7 uncultured bacterium 
227.  350 0.002346031 0.000621979 Ruminococcaceae AB244137 91.6 uncultured rumen bacterium 
228.  2201 0.000659024 0.000527431 Lachnospiraceae   JF644568 91.6 uncultured bacterium 
229.  1427 0.00061194 0.000377778 Clostridia   JQ866888 91.6 uncultured bacterium 
230.  12449 0.000589104 0.000193282 Pseudobutyrivibrio   AF125900 91.6 uncultured bacterium 
231.  17934 0.002269836 0.001005303 Bacteroidales JF629426 91.5 uncultured bacterium 
232.  9896 0.000927503 0.000238013 Firmicutes   JF535955 91.5 uncultured bacterium 
233.  31968 0.000371016 0.00014041 Prevotella   JF634485 91.5 uncultured bacterium 
234.  38041 0.000343205 0.000148552 Bacteroidetes JF648613 91.5 uncultured bacterium 
235.  27060 0.000330582 0.000303996 Prevotella   JF630061 91.5 uncultured bacterium 
236.  27769 0.000139644 0.0000404 Treponema   JF645485 91.5 uncultured bacterium 
237.  21120 0.001129134 0.000799979 Victivallis   HM104750 91.4 uncultured Lentisphaerae bacterium 
238.  290 0.000712398 0.00059607 Ruminococcaceae   JF622129 91.4 uncultured bacterium 
239.  30966 0.000351596 0.000294211 Clostridiales   JF624628 91.4 uncultured bacterium 
240.  26351 0.000198313 0.0000808 unclassified_Bacteria   JF631944 91.4 uncultured bacterium 
241.  30427 0.000112211 0.0000404 Bacteroidetes JF667886 91.4 uncultured bacterium 
242.  116 0.001386283 0.001344541 TM7_genera_incertae_sedis   AY578544 91.3 uncultured bacterium 
243.  2014 0.000844174 0.000606022 Clostridiales   JF537389 91.3 uncultured bacterium 
244.  428 0.000635862 0.000303996 Anaerosporobacter   JF636564 91.3 uncultured bacterium 
245.  682 0.000424064 0.0000447 Anaerovorax   HM104883 91.3 uncultured Firmicutes bacterium 
246.  480 0.002910003 0.002677616 unclassified_Bacteria   JF630971 91.2 uncultured bacterium 
247.  23452 0.001271132 0.000654148 Prevotella JF637223 91.2 uncultured bacterium 
248.  9371 0.000319936 0.0000404 Bacteroidetes JF667244 91.2 uncultured bacterium 
249.  31629 0.000320583 0.000229871 Bacteroidales JQ866886 91.1 uncultured bacterium 
250.  1697 0.000275278 0.000105419 Bacteroidales JF638800 91.1 uncultured bacterium 
251.  105 0.010382747 0.005164419 Bacteroidales JF629426 91 uncultured bacterium 
252.  22526 0.000409678 0.00014041 Succiniclasticum   JF659942 91 uncultured bacterium 
253.  1166 0.00022115 0.000128268 Bacteroidetes JF617693 91 uncultured bacterium 
254.  26509 0.000145046 0.0000431 Prevotellaceae JF659828 91 uncultured bacterium 
255.  40131 0.000877867 0.000105352 Clostridiales   JF641365 90.9 uncultured bacterium 
256.  2218 0.000313195 0.0000808 Anaerovorax   JF633751 90.9 uncultured bacterium 
257.  22519 0.00012221 0.0000895 Lachnospiraceae   JF667868 90.9 uncultured bacterium 
258.  11469 0.0000687 0.0000447 unclassified_Bacteria   JF633248 90.9 uncultured bacterium 
259.  3079 0.000170293 0.0000863 unclassified_Bacteria   JF624199 90.8 uncultured bacterium 
260.  6250 0.000419523 0.000317224 Lachnospiraceae   JF638975 90.7 uncultured bacterium 
261.  3916 0.000277525 0.000211805 Prevotella   JF645006 90.7 uncultured bacterium 
262.  1959 0.000294959 0.000105352 Prevotella   JF617048 90.6 uncultured bacterium 
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263.  7843 0.000223774 0.0000431 Sphingobacteriales AB244116 90.6 uncultured rumen bacterium 
264.  3142 0.00013702 0.0000808 Fibrobacter   AY578474 90.6 uncultured bacterium 
265.  9288 0.002387697 0.002310748 unclassified_Bacteria   HM104857 90.5 uncultured Spirochaetes bacterium 
266.  31335 0.000509321 0.000105419 Clostridiales   JN802746 90.5 uncultured organism 
267.  562 0.00050825 0.000375182 Clostridiales   HM104972 90.5 uncultured Firmicutes bacterium 
268.  16044 0.000473806 0.0000447 Clostridiales   JF622942 90.5 uncultured bacterium 
269.  500 0.000409734 0.00035666 Saccharofermentans   JF630324 90.5 uncultured bacterium 
270.  5523 0.000307526 0.00014041 Lachnospiraceae   JF663290 90.5 uncultured bacterium 
271.  32927 0.001977643 0.001143232 Succiniclasticum JF659942 90.4 uncultured bacterium 
272.  8251 0.000182749 0.0000851 Lachnospiraceae   JF616406 90.4 uncultured bacterium 
273.  14036 0.0000787 0.0000404 TM7_genera_incertae_sedis JN803351 90.4 uncultured organism 
274.  26974 0.0000787 0.0000447 TM7_genera_incertae_sedis JN834613 90.4 uncultured bacterium 
275.  1414 0.001346277 0.000502364 Ruminococcaceae HM120640 90.3 uncultured rumen bacterium 
276.  1065 0.00063286 0.000588631 Ruminococcaceae   HM120598 90.3 uncultured rumen bacterium 
277.  26682 0.000500228 0.000405584 Prevotella   JF620257 90.1 uncultured bacterium 
278.  13431 0.000457393 0.000330897 Ruminococcaceae   HM105464 90.1 uncultured Firmicutes bacterium 
279.  1101 0.001307453 0.000275621 unclassified_Bacteria   JF654178 90 uncultured bacterium 
280.  22055 0.000643297 0.00022936 unclassified_Bacteria   JN803082 90 uncultured organism 
281.  5733 0.000516276 0.0000879 Bacteroidetes AY578497 90 uncultured bacterium 
282.  19515 0.000325338 0.000291482 Prevotellaceae JF644653 90 uncultured bacterium 
283.  24779 0.000282653 0.000123941 Prevotellaceae JF660710 90 uncultured bacterium 
284.  3472 0.00013702 0.00012667 Ruminococcaceae   JF658208 90 uncultured bacterium 
285.  26 0.008771682 0.001344899 Bacteroidetes JF657538 89.9 uncultured bacterium 
286.  38023 0.000572168 0.000452547 Succiniclasticum   JF645614 89.9 uncultured bacterium 
287.  29760 0.000416839 0.000339038 TM7_genera_incertae_sedis   JN802817 89.9 uncultured organism 
288.  18442 0.00024442 0.0000431 Bacteroidetes AY578491 89.9 uncultured bacterium 
289.  228 0.000685873 0.000186227 Prevotella   JF629813 89.8 uncultured bacterium 
290.  665 0.0004913 0.0000808 Clostridiales   JF628248 89.8 uncultured bacterium 
291.  30956 0.000412088 0.000194813 Clostridiales   JF653857 89.8 uncultured bacterium 
292.  27995 0.00075508 0.000225545 Lachnospiraceae   JF550822 89.7 uncultured bacterium 
293.  224 0.000483441 0.000183543 Ruminococcaceae   JF657389 89.7 uncultured bacterium 
294.  37788 0.000411436 0.00014041 Bacteroidales JF651340 89.7 uncultured bacterium 
295.  20450 0.000697211 0.00032581 Prevotellaceae JF650866 89.6 uncultured bacterium 
296.  2649 0.000452149 0.000105352 Mogibacterium   JN834644 89.6 uncultured bacterium 
297.  40850 0.000257043 0.000185141 Clostridium IV   JF663472 89.6 uncultured bacterium 
298.  30140 0.00024902 0.000191685 unclassified_Bacteria   JF650637 89.6 uncultured bacterium 
299.  24379 0.000144832 0.000130997 TM7_genera_incertae_sedis   JF536091 89.6 uncultured bacterium 
300.  1377 0.001087788 0.000781268 Lachnospiraceae   AY578651 89.5 uncultured bacterium 
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301.  8479 0.000689776 0.000251241 Bacteroidetes AY578491 89.5 uncultured bacterium 
302.  22829 0.000427112 0.000265949 Ruminococcaceae   JN803310 89.5 uncultured organism 
303.  36435 0.000338819 0.000230891 Ruminococcaceae   JF572136 89.5 uncultured bacterium 
304.  1358 0.000869043 0.000788464 Clostridiales JF617134 89.4 uncultured bacterium 
305.  985 0.000534144 0.000444457 Armatimonadetes_gp2   JX272134 89.4 uncultured rumen bacterium 
306.  35419 0.000274417 0.0000404 Bacteroidetes FJ970705 89.4 uncultured bacterium 
307.  3316 0.000104398 0.0000447 Ruminococcaceae HM104781 89.4 uncultured Firmicutes bacterium 
308.  5843 0.0000435 0.0000404 Clostridiales_Incertae Sedis XIII JF661041 89.4 uncultured bacterium 
309.  650 0.001070135 0.001005966 Bacteroidetes HM104825 89.3 uncultured Bacteroidetes bacterium 
310.  1099 0.000867117 0.000361422 Prevotella   JF614416 89.3 uncultured bacterium 
311.  7545 0.000188314 0.000145823 Clostridiales   JF646903 89.3 uncultured bacterium 
312.  310 0.000163068 0.0000431 Bacteroidetes JF658598 89.3 uncultured bacterium 
313.  8993 0.000101564 0.0000404 Spirochaetales   JF634627 89.3 uncultured bacterium 
314.  417 0.001539991 0.00069813 Bacteroidetes JF639450 89.2 uncultured bacterium 
315.  7871 0.000538899 0.000380973 Ruminococcaceae   HM104742 89.2 uncultured Firmicutes bacterium 
316.  10573 0.000292288 0.000150083 Bacteroidetes JF661078 89.2 uncultured bacterium 
317.  25448 0.000139644 0.0000808 unclassified_Bacteria JF544163 89.2 uncultured bacterium 
318.  19315 0.0000609 0.0000431 Bacteroidales JF662615 89.2 uncultured bacterium 
319.  20253 0.0000609 0.0000431 Bacteroidales JF662615 89.2 uncultured bacterium 
320.  748 0.001289741 0.000887183 Bacteroidetes JF657056 89.1 uncultured bacterium 
321.  757 0.001137848 0.000877593 Prevotella JF654339 89.1 uncultured bacterium 
322.  845 0.001085712 0.000892172 Lachnospiraceae   GQ900616 89.1 Anaplasma phagocytophilum 
323.  26190 0.000678315 0.000188956 Clostridiales   JF665979 89.1 uncultured bacterium 
324.  40433 0.000620898 0.000552181 Bacteroidetes JF640443 89.1 uncultured bacterium 
325.  783 0.000426688 0.0000835 Lachnospiraceae   JF617642 89.1 uncultured bacterium 
326.  12896 0.000378665 0.000295839 Fibrobacter   HM105476 89.1 uncultured Fibrobacteres bacterium 
327.  394 0.000220936 0.000105352 Prevotella   JF652105 89.1 uncultured bacterium 
328.  1137 0.000190561 0.000121212 unclassified_Bacteria   JF619797 89.1 uncultured bacterium 
329.  9545 0.000152207 0.00012667 Firmicutes AB244143 89.1 uncultured rumen bacterium 
330.  2734 0.00014788 0.0000851 Oscillibacter   JN802897 89.1 uncultured organism 
331.  1787 0.000137457 0.0000431 Bacteroidetes JF646168 89.1 uncultured bacterium 
332.  329 0.0000761 0.0000447 Porphyromonadaceae JF645764 89.1 uncultured bacterium 
333.  523 0.001793471 0.001422172 Bacteroidetes JF586734 89 uncultured bacterium 
334.  27917 0.00023442 0.000228274 Prevotellaceae JF625511 89 uncultured bacterium 
335.  2083 0.000144832 0.0000431 Bacteroidetes JF651026 89 uncultured bacterium 
336.  18497 0.0000761 0.0000404 Clostridiales   EU843820 89 uncultured bacterium 
337.  40980 0.000378665 0.000340237 Prevotella   HM105226 88.9 uncultured Bacteroidetes bacterium 
338.  24710 0.000271857 0.000188889 Prevotellaceae JF636589 88.9 uncultured bacterium 
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339.  22917 0.000267256 0.000188956 Ruminococcus   AF104842 88.9 Ruminococcus flavefaciens 
340.  359 0.000689249 0.000265949 Firmicutes   JF629160 88.8 uncultured bacterium 
341.  573 0.000467979 0.000567379 Bacteroidetes HM104753 88.8 uncultured Bacteroidetes bacterium 
342.  30734 0.000205962 0.000145756 Prevotellaceae JF650866 88.8 uncultured bacterium 
343.  644 0.000139644 0.000105352 Clostridiales   JF653995 88.8 uncultured bacterium 
344.  118 0.003838102 0.000397965 Bacteroidales HM105090 88.7 uncultured Bacteroidetes bacterium 
345.  861 0.001353178 0.000999316 Clostridiales JF615417 88.7 uncultured bacterium 
346.  17364 0.000409357 0.000129865 Prevotella   JF644355 88.7 uncultured bacterium 
347.  398 0.001797613 0.001240818 Clostridiales JF625616 88.6 uncultured bacterium 
348.  25927 0.001125872 0.001069707 Prevotellaceae AY578385 88.6 uncultured bacterium 
349.  478 0.000513652 0.000225545 Lachnospiraceae   JF656760 88.6 uncultured bacterium 
350.  14357 0.000198373 0.000128268 Ruminococcaceae   GU959157 88.6 uncultured Firmicutes bacterium 
351.  38123 0.0000761 0.0000404 Lachnospiraceae   HM104976 88.6 uncultured Firmicutes bacterium 
352.  3697 0.000499052 0.000148552 unclassified_Bacteria   JF630347 88.5 uncultured bacterium 
353.  28948 0.000440606 0.0000851 Prevotella   JF615690 88.5 uncultured bacterium 
354.  2822 0.000147456 0.0000851 Ruminococcaceae   JF657975 88.5 uncultured bacterium 
355.  520 0.000130446 0.0000431 Bacteroidales JF662036 88.5 uncultured bacterium 
356.  29691 0.000462731 0.0000447 Porphyromonadaceae HM104746 88.4 uncultured Bacteroidetes bacterium 
357.  5491 0.000398817 0.000105352 
uncultured Bacteroidetes 
bacterium 
HM105307 88.4 uncultured bacterium 
358.  1420 0.000327958 0.000255501 Ruminococcus   JN803803 88.4 uncultured organism 
359.  37058 0.000325334 0.000132595 Bacteroidetes JF662386 88.4 uncultured bacterium 
360.  33339 0.000244042 0.000148552 Prevotella   JF655976 88.4 uncultured bacterium 
361.  2559 0.000231796 0.00021077 unclassified_Bacteria   JF620283 88.4 uncultured bacterium 
362.  30763 0.000173127 0.0000835 Prevotella   JF659012 88.4 uncultured bacterium 
363.  1111 0.000165314 0.000105352 Lachnospiraceae   JF659015 88.4 uncultured bacterium 
364.  245 0.001404937 0.001372849 Lachnospiraceae JF657272 88.3 uncultured bacterium 
365.  1471 0.001181111 0.00021077 Sphingobacteriales JF649540 88.3 uncultured bacterium 
366.  3322 0.001128063 0.000484728 Bacteroidetes JF664831 88.3 uncultured bacterium 
367.  408 0.000982429 0.000630306 Ruminococcaceae   JF618716 88.3 uncultured bacterium 
368.  476 0.000806788 0.00060938 Butyrivibrio   JF622435 88.3 uncultured bacterium 
369.  744 0.000344221 0.000272493 Ruminococcaceae   JX272151 88.3 uncultured rumen bacterium 
370.  3025 0.000129645 0.0000447 Oscillibacter   JN803121 88.3 uncultured organism 
371.  260 0.00023201 0.000145823 Lachnospiraceae   JX003958 88.2 uncultured bacterium 
372.  88 0.002472591 0.002285341 Proteobacteria HM104881 88.1 uncultured proteobacterium 
373.  27592 0.000671591 0.000338972 Bacteroidetes JF639450 88.1 uncultured bacterium 
374.  2152 0.000281852 0.00012667 Ruminococcaceae   JF578934 88.1 uncultured bacterium 
375.  4426 0.000224421 0.000105419 Lachnospiraceae   JF660372 88.1 uncultured bacterium 
376.  13472 0.000208796 0.0000863 Bacteroidetes JF545839 88.1 uncultured bacterium 
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377.  751 0.000112211 0.000105352 Ruminococcaceae   AM884109 88.1 uncultured rumen bacterium 
378.  3224 0.000087 0.0000447 Bacteroidetes JF541221 88 uncultured bacterium 
379.  6007 0.000259289 0.0000404 unclassified_Bacteria   JF657280 87.9 uncultured bacterium 
380.  966 0.0000609 0.0000447 Sphingobacteriales JF633152 87.9 uncultured bacterium 
381.  319 0.001323854 0.00084575 Prevotella JF655571 87.8 uncultured bacterium 
382.  772 0.001259843 0.000123941 Ruminococcaceae JF547872 87.8 uncultured bacterium 
383.  27268 0.000239021 0.000190553 Clostridiales   JF615378 87.8 uncultured bacterium 
384.  15534 0.000182749 0.000150149 Clostridium IV   EU290073 87.8 uncultured bacterium 
385.  13337 0.000173127 0.0000404 Ruminococcus   EU290086 87.8 uncultured bacterium 
386.  26108 0.000173127 0.0000447 Bacteroidetes AY578527 87.8 uncultured bacterium 
387.  18074 0.000424981 0.00017413 TM7_genera_incertae_sedis   JF536091 87.7 uncultured bacterium 
388.  25554 0.000313148 0.0000431 Bacteroidales JF662652 87.7 uncultured bacterium 
389.  34672 0.000246396 0.0000851 Prevotella   JF657369 87.7 uncultured bacterium 
390.  113 0.000561517 0.000371367 Prevotellaceae JF645809 87.6 uncultured bacterium 
391.  20047 0.000317521 0.000128268 Prevotella   AF211227 87.6 uncultured rumen bacterium 
392.  42059 0.000277101 0.000105352 Lachnospiracea_incertae_sedis   JF614071 87.6 uncultured bacterium 
393.  10 0.000226184 0.00014041 Bacteroidetes AY578397 87.6 uncultured bacterium 
394.  892 0.000190938 0.0000447 Ruminococcaceae   JF645599 87.6 uncultured bacterium 
395.  1250 0.001022489 0.000321484 Clostridiales   HM104865 87.5 uncultured Firmicutes bacterium 
396.  427 0.000468841 0.0000895 Bacteroidales JF651340 87.5 uncultured bacterium 
397.  35452 0.000394714 0.000273005 Bacteroidetes JF661428 87.5 uncultured bacterium 
398.  31925 0.000285337 0.0000851 Prevotella   JF620065 87.5 uncultured bacterium 
399.  36842 0.000964895 0.0000431 Bacteroidetes JF639450 87.4 uncultured bacterium 
400.  1119 0.000722025 0.000123941 Ruminococcaceae   JF555679 87.4 uncultured bacterium 
401.  2969 0.000482412 0.000332095 Anaerovorax   JN802959 87.4 uncultured bacterium 
402.  11563 0.000437334 0.0000863 Ruminococcus   GQ214273 87.4 uncultured bacterium 
403.  624 0.000407487 0.0000431 Ruminococcaceae   HM104875 87.4 uncultured Firmicutes bacterium 
404.  1425 0.000716566 0.0000851 Ruminococcaceae JF622254 87.3 uncultured bacterium 
405.  35599 0.000314911 0.00012667 Prevotella   JF637860 87.3 uncultured bacterium 
406.  2005 0.000795718 0.0000404 Clostridiales JF624758 87.2 uncultured bacterium 
407.  1738 0.00057387 0.000447089 Prevotella   HM104893 87.2 uncultured Bacteroidetes bacterium 
408.  3331 0.00047017 0.0000835 Bacteroidetes JF668015 87.2 uncultured bacterium 
409.  2607 0.00033577 0.0000851 Lachnospiraceae   JF640339 87.2 uncultured bacterium 
410.  517 0.001419874 0.001365382 Anaerovorax JF536141 87.1 uncultured bacterium 
411.  25368 0.000353204 0.0000851 Bacteroidales JF644669 87.1 uncultured bacterium 
412.  1931 0.000215747 0.0000863 Bacteroidales HM104922 87.1 uncultured Bacteroidetes bacterium 
413.  27366 0.000188314 0.0000808 Clostridiales   JF653932 87.1 uncultured bacterium 
414.  2814 0.000165314 0.000145823 Ruminococcaceae   JF536911 87.1 uncultured bacterium 
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415.  300 0.001500965 0.000488625 Ruminococcaceae JN802786 87 uncultured bacterium 
416.  287 0.000480379 0.000338972 Lachnospiracea_incertae_sedis   JN834736 87 uncultured bacterium 
417.  16756 0.000567189 0.0000447 Clostridiales   JF664469 86.9 uncultured bacterium 
418.  12485 0.000183126 0.0000404 Clostridiales   HM104982 86.9 uncultured Firmicutes bacterium 
419.  1491 0.000843527 0.000128268 Prevotella   JF642774 86.8 uncultured bacterium 
420.  29790 0.000462791 0.0000835 unclassified_Bacteria   JF545065 86.8 uncultured bacterium 
421.  1712 0.000348174 0.0000431 Clostridiales   HM104982 86.8 uncultured Firmicutes bacterium 
422.  2958 0.000310948 0.0000404 Ruminococcus   JN803803 86.8 uncultured organism 
423.  41373 0.000277902 0.0000404 Prevotella   JF647801 86.8 uncultured bacterium 
424.  322 0.000180502 0.0000431 Sphingobacteriaceae   HM105012 86.8 uncultured Bacteroidetes bacterium 
425.  37278 0.0000787 0.0000431 Bacteroidales JF646527 86.8 uncultured bacterium 
426.  34182 0.000490224 0.000251241 Prevotella   JF660293 86.7 uncultured bacterium 
427.  14487 0.000205962 0.000193282 Ruminococcus   AF104840 86.7 uncultured bacterium 
428.  15604 0.000147456 0.0000835 Ruminococcaceae   JQ866897 86.7 uncultured bacterium 
429.  8556 0.000610461 0.000302864 Prevotella   JF625106 86.6 uncultured bacterium 
430.  34643 0.00054232 0.00023362 Bacteroidetes JF644780 86.6 uncultured bacterium 
431.  14816 0.000236183 0.000174596 Anaerolineaceae   JF574195 86.6 uncultured bacterium 
432.  6791 0.000177668 0.0000863 unclassified_Bacteria JF650720 86.6 uncultured bacterium 
433.  15905 0.000145046 0.000128268 Lachnospiraceae   JF640976 86.6 uncultured bacterium 
434.  14423 0.000882798 0.000193216 Bacteroidetes JF664801 86.5 uncultured bacterium 
435.  691 0.000452368 0.000279482 Bacteroidetes JN802865 86.5 uncultured organism 
436.  26396 0.00025902 0.00014041 Bacteroidetes HM104953 86.5 uncultured Bacteroidetes bacterium 
437.  1330 0.000157456 0.000123941 Sphingobacteriales JF663847 86.5 uncultured bacterium 
438.  369 0.001095437 0.000384804 Clostridiales JF628133 86.4 uncultured bacterium 
439.  27912 0.000660671 0.000150083 Bacteroidetes AY578400 86.4 uncultured bacterium 
440.  1021 0.000152207 0.0000431 Firmicutes   JF633425 86.4 uncultured bacterium 
441.  13 0.020245294 0.006464733 Bacteroidales JF644669 86.3 uncultured bacterium 
442.  1515 0.000432734 0.000278417 Lachnospiraceae   JF628716 86.3 uncultured bacterium 
443.  36276 0.000401064 0.0000447 Prevotella   JF663405 86.3 uncultured bacterium 
444.  1634 0.000366196 0.000105352 Clostridiales   JF549008 86.3 uncultured bacterium 
445.  32532 0.000231209 0.000129865 Lachnospiraceae   JF631483 86.3 uncultured bacterium 
446.  40807 0.000205748 0.0000404 Bacteroidetes JF643649 86.3 uncultured bacterium 
447.  6703 0.000137457 0.0000851 unclassified_Bacteria JF657280 86.3 uncultured bacterium 
448.  370 0.002645497 0.001471806 Prevotellaceae JF650866 86.2 uncultured bacterium 
449.  17091 0.000430383 0.000379442 Prevotella   JF636752 86.2 uncultured bacterium 
450.  8020 0.000152207 0.00014041 unclassified_Bacteria JF556218 86.2 uncultured bacterium 
451.  1118 0.000988792 0.000233686 Bacteroidales JF615807 86.1 uncultured bacterium 
452.  2070 0.000602225 0.0000404 Bacteroidetes JN802865 86.1 uncultured bacterium 
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453.  10559 0.000481464 0.000194813 Bacteroidales AY578489 86.1 uncultured bacterium 
454.  8836 0.00045563 0.000188889 Bacteroidetes JF655553 86.1 uncultured bacterium 
455.  20010 0.00043498 0.0000447 Prevotella   JF648273 86.1 uncultured bacterium 
456.  12872 0.000375767 0.0000835 Sphingobacteriales HM105136 86.1 uncultured Bacteroidetes bacterium 
457.  13079 0.000213123 0.000175728 Bacteroidetes JF661346 86.1 uncultured bacterium 
458.  2067 0.001213998 0.000429631 Bacteroidetes JF653037 86 uncultured bacterium 
459.  710 0.00043257 0.000418182 Ruminococcaceae   HM104894 86 uncultured Firmicutes bacterium 
460.  36086 0.000223774 0.000121212 Prevotellaceae JF644653 85.9 uncultured bacterium 
461.  25953 0.0000609 0.0000431 Prevotella   JX003875 85.9 uncultured bacterium 
462.  666 0.000848771 0.000530094 Bacteroidetes HQ634738 85.8 uncultured bacterium 
463.  7785 0.000328819 0.0000879 unclassified_Bacteria   JF658218 85.8 uncultured bacterium 
464.  108 0.000300087 0.000258133 Bacteroidetes JF531463 85.8 uncultured bacterium 
465.  840 0.001880304 0.001708007 Bacteroidales JN803129 85.7 uncultured bacterium 
466.  230 0.00098922 0.00042361 Ruminococcaceae   JF632177 85.7 uncultured bacterium 
467.  17909 0.000560406 0.000191618 Prevotellaceae JF663351 85.7 uncultured bacterium 
468.  39177 0.000401651 0.0000404 Bacteroidetes JF657538 85.7 uncultured bacterium 
469.  32708 0.0000435 0.0000431 Clostridiales   JF630643 85.7 uncultured bacterium 
470.  227 0.00113127 0.000259265 Bacteroidetes JF649897 85.6 uncultured bacterium 
471.  2446 0.000231209 0.0000431 Porphyromonadaceae JF644584 85.6 uncultured bacterium 
472.  7271 0.000644098 0.0000863 unclassified_Bacteria   JF667713 85.5 uncultured bacterium 
473.  1853 0.000495352 0.000259731 Prevotella   JF635239 85.5 uncultured bacterium 
474.  41554 0.000190938 0.0000895 Lachnospiraceae JF666969 85.5 uncultured bacterium 
475.  31086 0.000144832 0.0000808 Bacteroidetes JF650763 85.5 uncultured bacterium 
476.  8219 0.000137457 0.00012667 Ruminococcus   JN803803 85.5 uncultured organism 
477.  42484 0.000364065 0.00021077 Bacteroidetes JF664831 85.4 uncultured bacterium 
478.  5610 0.000344007 0.0000431 Clostridiales   JF551865 85.4 uncultured bacterium 
479.  9191 0.000264632 0.000229871 Prevotella   HM104723 85.4 uncultured Bacteroidetes bacterium 
480.  8383 0.000165692 0.000105352 Bacteroidetes EU290034 85.4 uncultured bacterium 
481.  24809 0.000163068 0.000148552 Bacteroidetes JF629186 85.4 uncultured bacterium 
482.  18950 0.000112211 0.0000404 Lachnospiraceae   AB244117 85.4 uncultured rumen bacterium 
483.  1770 0.000271857 0.000210704 Bacteroidetes EU843596 85.3 uncultured bacterium 
484.  33682 0.000589756 0.000237947 Prevotella   JF634485 85.2 uncultured bacterium 
485.  14052 0.000421933 0.000190487 unclassified_Bacteria   JF640825 85.2 uncultured bacterium 
486.  6433 0.000411711 0.0000851 Ruminococcaceae   JN803680 85.2 uncultured organism 
487.  15630 0.000299937 0.0000404 Ruminococcaceae   JF535121 85.2 uncultured bacterium 
488.  23560 0.00022356 0.0000895 Clostridium IV JF663472 85.2 uncultured bacterium 
489.  2138 0.000213561 0.000169804 Lachnospiraceae   JF661819 85.2 uncultured bacterium 
490.  10932 0.000152207 0.000132595 Bacteroidetes JF655783 85.2 uncultured bacterium 
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491.  35309 0.000147456 0.000121212 Bacteroidetes HM104962 85.2 uncultured Bacteroidetes bacterium 
492.  217 0.004881595 0.001076611 unclassified_Bacteria   HM104852 85.1 uncultured Spirochaetes bacterium 
493.  8579 0.000393689 0.000288895 Clostridiales   JF663728 85.1 uncultured bacterium 
494.  42231 0.000310584 0.000174596 Bacteroidetes JN803271 85.1 uncultured organism 
495.  1910 0.000284913 0.0000431 Ruminococcaceae   AY578501 85.1 uncultured bacterium 
496.  29118 0.00024902 0.000180814 Prevotellaceae JF656216 85.1 uncultured bacterium 
497.  5864 0.000241855 0.00014041 Lachnospiracea_incertae_sedis JF657664 85.1 uncultured bacterium 
498.  137 0.00218725 0.001270226 Bacteroidetes JF650583 85 uncultured bacterium 
499.  1173 0.000417593 0.000251174 Paraprevotella   JX003948 85 uncultured bacterium 
500.  4736 0.000246396 0.0000879 Succiniclasticum   JX272174 85 uncultured rumen bacterium 
501.  11965 0.000170293 0.000105352 Bacteroidetes JN803271 85 uncultured organism 
502.  10156 0.00022356 0.000167074 Bacteroidales JN803129 84.9 uncultured organism 
503.  25689 0.000121832 0.0000431 Ruminococcaceae   JF652083 84.9 uncultured bacterium 
504.  771 0.000087 0.0000447 Bacteroidetes JF668051 84.9 uncultured bacterium 
505.  1484 0.000752172 0.000125539 Prevotella   JF658236 84.8 uncultured bacterium 
506.  7420 0.000853586 0.000245829 Clostridiales   JF646903 84.7 uncultured bacterium 
507.  8991 0.000444924 0.0000447 Bacteroidales JF568194 84.7 uncultured bacterium 
508.  13357 0.000244042 0.0000431 Prevotella   JF667640 84.7 uncultured bacterium 
509.  10735 0.000199175 0.000150083 Lachnospiraceae   JF646818 84.7 uncultured bacterium 
510.  15113 0.000477331 0.000125539 Prevotellaceae JF655504 84.6 uncultured bacterium 
511.  5355 0.000195689 0.000145823 Firmicutes   JF660327 84.6 uncultured bacterium 
512.  169 0.001222462 0.001575647 Anaerolineaceae JF574195 84.4 uncultured bacterium 
513.  3205 0.000264418 0.000171401 Prevotellaceae HM104792 84.4 uncultured Bacteroidetes bacterium 
514.  1261 0.000226184 0.000193216 Prevotellaceae JF630149 84.4 uncultured bacterium 
515.  26609 0.0000609 0.0000447 TM7_genera_incertae_sedis JN802889 84.4 uncultured organism 
516.  2134 0.000603073 0.000247883 Lachnospiraceae   JN802977 84.3 uncultured bacterium 
517.  1994 0.000396249 0.0000879 Lachnospiraceae   JF635363 84.3 uncultured bacterium 
518.  19423 0.000198313 0.000150083 Clostridiales   JF564225 84.3 uncultured bacterium 
519.  312 0.001142632 0.000298701 Saccharofermentans   JF661417 84.2 uncultured bacterium 
520.  7568 0.000302712 0.000188956 Bacteroidales JF538069 84.2 uncultured bacterium 
521.  42351 0.000198373 0.000148552 Prevotella   JF614427 84.2 uncultured bacterium 
522.  805 0.000355769 0.000216132 Porphyromonadaceae JF644226 84.1 uncultured bacterium 
523.  18144 0.000155693 0.000150083 Clostridiales   JF531464 84.1 uncultured bacterium 
524.  33747 0.00050825 0.000150083 Barnesiella   AY578417 84 uncultured bacterium 
525.  10556 0.001535019 0.000445988 Succiniclasticum JF659942 83.9 uncultured bacterium 
526.  738 0.000996865 0.000518188 Clostridiales   JF661704 83.9 uncultured bacterium 
527.  660 0.000500497 0.000105419 Bacteroidales JF664262 83.9 uncultured bacterium 
528.  16072 0.00014788 0.0000895 Lachnospiraceae   HM104858 83.9 uncultured Firmicutes bacterium 
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529.  18032 0.00020056 0.000194813 Clostridiales   HM105116 83.8 uncultured Firmicutes bacterium 
530.  13813 0.000101564 0.0000404 Ruminococcaceae   JF646636 83.8 uncultured bacterium 
531.  1746 0.000101564 0.0000863 Clostridiales   HM120659 83.8 uncultured rumen bacterium 
532.  15011 0.0000687 0.0000431 Victivallis   HM105091 83.8 uncultured Lentisphaerae bacterium 
533.  801 0.000467979 0.000500473 unclassified_Bacteria   JN802822 83.7 uncultured bacterium 
534.  1371 0.000495203 0.00017413 Bacteroidetes JQ866891 83.6 uncultured bacterium 
535.  752 0.000369253 0.0000447 Ruminococcaceae   JF642687 83.6 uncultured bacterium 
536.  2273 0.000230935 0.000217729 Oscillibacter   HM013222 83.6 uncultured organism 
537.  2561 0.000147456 0.0000431 Clostridiales_Incertae Sedis XIII JF659563 83.6 uncultured bacterium 
538.  23025 0.00013702 0.0000808 Prevotellaceae JF627827 83.6 uncultured bacterium 
539.  308 0.002503375 0.000225545 Lachnospiraceae AB244159 83.5 uncultured rumen bacterium 
540.  1109 0.000685026 0.000665742 unclassified_Bacteria   JF658689 83.4 uncultured bacterium 
541.  16923 0.000518686 0.00028082 Ruminococcus   HM105047 83.4 uncultured Firmicutes bacterium 
542.  1331 0.00064373 0.000265949 unclassified_Bacteria   GU610803 83.3 uncultured bacterium 
543.  149 0.000424064 0.000409414 unclassified_Bacteria   JF661286 83.3 uncultured bacterium 
544.  2394 0.001290701 0.000605444 Bacteroidetes EU843427 83.2 uncultured bacterium 
545.  35103 0.001283969 0.000551406 Bacteroidetes JF660442 83.1 uncultured bacterium 
546.  277 0.001159518 0.000298568 Clostridiales   JF653995 83.1 uncultured bacterium 
547.  5826 0.00058864 0.000281146 unclassified_Bacteria   HM120613 83.1 uncultured bacterium 
548.  3268 0.000271857 0.000174596 Sphingobacteriales JF639372 83.1 uncultured bacterium 
549.  582 0.001669791 0.000634943 Bacteroidetes JF646614 83 uncultured bacterium 
550.  34502 0.001175244 0.000695514 Bacteroidales JN803129 83 uncultured organism 
551.  554 0.000397124 0.000279549 unclassified_Bacteria   JF666923 83 uncultured bacterium 
552.  777 0.002147023 0.002019805 Succiniclasticum JX272174 82.9 uncultured rumen bacterium 
553.  2529 0.000602435 0.0000404 Ruminococcaceae   JF562993 82.9 uncultured bacterium 
554.  18656 0.000249668 0.0000447 Ruminococcaceae   JF642687 82.9 uncultured bacterium 
555.  1976 0.00013702 0.0000879 Bacteroidetes JF661977 82.9 uncultured bacterium 
556.  886 0.000795774 0.000128268 Bacteroidetes JF652408 82.8 uncultured bacterium 
557.  1950 0.000309937 0.0000851 Ruminococcaceae   JF562993 82.7 uncultured bacterium 
558.  35049 0.000487441 0.000105419 Bacteroidetes GQ180811 82.6 uncultured rumen bacterium 
559.  441 0.000450168 0.0000879 Clostridiales   HM104747 82.6 uncultured Firmicutes bacterium 
560.  7776 0.000427335 0.0000431 Sphingobacteriales JF535512 82.6 uncultured bacterium 
561.  9228 0.000289227 0.000210837 Deltaproteobacteria   EU465702 82.5 uncultured bacterium 
562.  17095 0.000087 0.0000404 Fibrobacter   JF628876 82.5 uncultured bacterium 
563.  486 0.000724589 0.000637642 TM7_genera_incertae_sedis   JF630636 82.4 uncultured bacterium 
564.  7834 0.000599601 0.000105419 Tannerella   AY578405 82.4 uncultured bacterium 
565.  584 0.000155693 0.000105352 Ruminococcaceae AY244481 82.4 Oscillospira sp 
566.  81 0.002443226 0.001860018 Rikenella JF647174 82.3 uncultured bacterium 
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567.  19897 0.000226608 0.0000404 Clostridiales   HQ319008 82.3 uncultured bacterium 
568.  
17143 0.000205962 0.000150149 TM7_genera_incertae_sedis JN834394 82.3 
uncultured candidate division TM7 
bacterium 
569.  28976 0.000180502 0.0000863 Rikenella   JF647174 82.3 uncultured bacterium 
570.  19217 0.000299663 0.000251174 Prevotellaceae JF635419 82.2 uncultured bacterium 
571.  35050 0.0000687 0.0000431 Bacteroidales JN803613 82.2 uncultured organism 
572.  14508 0.0000435 0.0000431 unclassified_Bacteria JF629532 82.2 uncultured bacterium 
573.  1552 0.000394276 0.000180814 Ruminococcaceae   JF634176 82.1 uncultured bacterium 
574.  4793 0.000299877 0.000148552 Bacteroidetes JF660442 82 uncultured bacterium 
575.  36414 0.000190561 0.0000835 Anaerotruncus   JN803288 82 uncultured organism 
576.  18507 0.000744647 0.00021077 Ruminococcaceae   AY578363 81.9 uncultured bacterium 
577.  1775 0.000668483 0.000123941 Prevotella   JF640177 81.9 uncultured bacterium 
578.  38988 0.000376478 0.000183543 Bacteroidetes AY578664 81.9 uncultured bacterium 
579.  2307 0.000157456 0.0000863 Bacteroidetes EU981939 81.9 uncultured bacterium 
580.  54 0.001794029 0.000574256 Bacteroidetes JF658598 81.8 uncultured bacterium 
581.  3683 0.000432948 0.000376713 Ruminococcaceae   JF667095 81.8 uncultured bacterium 
582.  25429 0.000137457 0.0000835 Bacteroidales JF664262 81.8 uncultured bacterium 
583.  225 0.001086814 0.000380477 Clostridiales   JF664161 81.7 uncultured bacterium 
584.  1582 0.000325338 0.0000431 Bacteroidales JF664380 81.6 uncultured bacterium 
585.  9716 0.000297099 0.0000431 Clostridiales   HM105096 81.6 uncultured Firmicutes bacterium 
586.  19018 0.000226184 0.000150149 unclassified_Bacteria   JF614588 81.6 uncultured bacterium 
587.  2038 0.000104398 0.0000808 Firmicutes   JF635495 81.6 uncultured bacterium 
588.  7651 0.00057778 0.0000808 Prevotella   JF649570 81.5 uncultured bacterium 
589.  1010 0.000465355 0.000233686 Bacteroidetes JF663025 81.5 uncultured bacterium 
590.  11843 0.000299663 0.0000431 Hallella   JF621896 81.5 uncultured bacterium 
591.  503 0.001070889 0.001027496 Prevotella   JF655571 81.4 uncultured bacterium 
592.  1701 0.000241855 0.000210837 Prevotellaceae JF627827 81.4 uncultured bacterium 
593.  19201 0.000231209 0.000174596 Prevotellaceae JF635419 81.4 uncultured bacterium 
594.  3009 0.000119586 0.0000895 Bacteroidetes JF538649 81.4 uncultured bacterium 
595.  18079 0.000660521 0.0000895 Firmicutes   HM105300 81.3 uncultured Firmicutes bacterium 
596.  667 0.000639557 0.00045095 SR1_genera_incertae_sedis   AY327235 81.3 uncultured bacterium 
597.  1615 0.000328172 0.000185141 Prevotella   JF625380 81.3 uncultured bacterium 
598.  8877 0.000464494 0.000239544 Clostridiales   HM104982 81.2 uncultured Firmicutes bacterium 
599.  730 0.000463592 0.000145823 Saccharofermentans   HM104862 81.2 uncultured Firmicutes bacterium 
600.  1869 0.000220936 0.000183543 Lachnospiraceae   AY324130 81.2 uncultured bacterium 
601.  3422 0.000528462 0.0000879 Bacteroidales JF538069 81.1 uncultured bacterium 
602.  7708 0.0000761 0.0000447 Bacteroidetes AY578637 81.1 uncultured bacterium 
603.  14809 0.000706623 0.0000863 Anaerolineaceae   JF574195 81 uncultured bacterium 
604.  1536 0.000414061 0.0000835 unclassified_Bacteria   JN834640 81 uncultured bacterium 
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605.  3385 0.000320146 0.000186227 Bacteroidetes JF660442 81 uncultured bacterium 
606.  30912 0.000256605 0.000255434 Prevotella   JF648633 81 uncultured bacterium 
607.  6300 0.000198373 0.000183543 Ruminococcaceae   JF537040 81 uncultured bacterium 
608.  1627 0.00158711 0.000510113 unclassified_Bacteria   JF562831 80.8 uncultured bacterium 
609.  445 0.000784389 0.000651754 Bacteroidetes EU843427 80.7 uncultured bacterium 
610.  21784 0.000101564 0.0000431 Ruminococcaceae   JF629794 80.7 uncultured bacterium 
611.  193 0.00200208 0.001463929 Bacteroidetes AY578500 80.6 uncultured bacterium 
612.  589 0.001131912 0.000650916 Ruminococcaceae   HM120688 80.6 uncultured bacterium 
613.  1105 0.001063621 0.0000895 Bacteroidales HM105090 80.6 uncultured Bacteroidetes bacterium 
614.  155 0.000673354 0.000602697 Bacteroidales JF656921 80.6 uncultured bacterium 
615.  1670 0.000551732 0.000509094 Clostridiales   HM105240 80.6 uncultured bacterium 
616.  1002 0.000340204 0.000251241 unclassified_Bacteria   JF644074 80.6 uncultured bacterium 
617.  1258 0.000738935 0.000337344 Bacteroidales JF655263 80.5 uncultured bacterium 
618.  3830 0.000277902 0.000180814 Clostridiales   JF657053 80.5 uncultured bacterium 
619.  6192 0.000157456 0.0000895 Bacteroidetes JF656266 80.5 uncultured bacterium 
620.  1120 0.000820626 0.00014041 Bacteroidetes JN802865 80.4 uncultured organism 
621.  10898 0.000391498 0.0000447 Bacteroidetes JF664831 80.4 uncultured bacterium 
622.  8279 0.000391442 0.0000808 Clostridiales   AY578436 80.4 uncultured bacterium 
623.  22224 0.000165692 0.0000895 Firmicutes   JF650401 80.4 uncultured bacterium 
624.  8914 0.000487814 0.000105419 Bacteroidetes HM104896 80.3 uncultured Bacteroidetes bacterium 
625.  10518 0.00034796 0.0000447 Bacteroidales JF642070 80.3 uncultured bacterium 
626.  2470 0.000205748 0.0000404 Lachnospiracea_incertae_sedis   FJ651254 80.3 uncultured Firmicutes bacterium 
627.  4826 0.00036903 0.000130997 Bacteroidetes JF645061 80.2 uncultured bacterium 
628.  14651 0.000271857 0.000145823 Anaerolineaceae   JF574195 80.2 uncultured bacterium 
629.  951 0.00073422 0.000631195 Ruminococcus   GQ214273 80 uncultured bacterium 
630.  2011 0.000206186 0.0000447 unclassified_Bacteria JF634388 80 uncultured bacterium 
631.  911 0.000154831 0.000128268 Bacteroidetes JF563695 80 uncultured bacterium 
632.  24543 0.000526545 0.000305593 Prevotellaceae AB244135 79.9 uncultured rumen bacterium 
633.  526 0.000378605 0.000309082 Anaerolineaceae   JF574195 79.9 uncultured bacterium 
634.  1033 0.000381499 0.000148552 unclassified_Bacteria   JF666235 79.8 uncultured bacterium 
635.  4671 0.000351382 0.0000404 Clostridiales   HM105496 79.8 uncultured Firmicutes bacterium 
636.  1722 0.000223396 0.000105419 Rikenella   JF647174 79.8 uncultured bacterium 
637.  1431 0.000558683 0.000375627 Clostridiales   AM405446 79.7 uncultured bacterium 
638.  15721 0.000530872 0.000148485 Firmicutes   JN803415 79.7 uncultured organism 
639.  17915 0.000357955 0.000105352 Prevotella   JF618875 79.7 uncultured bacterium 
640.  13490 0.000195689 0.000148552 Clostridiales   HM105096 79.6 uncultured Firmicutes bacterium 
641.  5548 0.000180502 0.0000895 Clostridiales   JF663958 79.6 uncultured bacterium 
642.  6395 0.0000609 0.0000447 Firmicutes   JF650751 79.6 uncultured bacterium 
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643.  14814 0.000302288 0.00014041 Bacteroidales JF665893 79.5 uncultured bacterium 
644.  15282 0.000241795 0.000121212 Clostridiales   EU463739 79.5 uncultured bacterium 
645.  442 0.000087 0.0000447 Clostridiales   EU843820 79.5 uncultured bacterium 
646.  405 0.003185124 0.00168126 Anaerolineaceae JN835142 79.4 uncultured Chloroflexi bacterium 
647.  914 0.001240647 0.000596639 Prevotellaceae JN803321 79.4 uncultured organism 
648.  2065 0.000299937 0.0000447 Bacteroidales JN803876 79.4 uncultured organism 
649.  7993 0.000256395 0.000217729 Lachnospiraceae   JF663329 79.4 uncultured bacterium 
650.  2707 0.001575142 0.001048291 Bacteroidetes JF583065 79.3 uncultured bacterium 
651.  444 0.001548606 0.001433183 Prevotellaceae JF644254 79.3 uncultured bacterium 
652.  1914 0.001231075 0.000619792 Bacteroidetes JF660442 79.3 uncultured bacterium 
653.  33615 0.000242657 0.0000879 Prevotella   JF648633 79.3 uncultured bacterium 
654.  2775 0.0000761 0.0000447 Clostridiales HM104982 79.3 uncultured bacterium 
655.  2122 0.00033577 0.000145823 Bacteroidetes JF646168 79.2 uncultured bacterium 
656.  29359 0.000165692 0.000145823 Bacteroidetes JF635410 79.2 uncultured bacterium 
657.  5241 0.000145046 0.000105352 unclassified_Bacteria GU958943 79.2 uncultured Firmicutes bacterium 
658.  7971 0.0000787 0.0000404 Bacteroidetes JF583065 79.2 uncultured bacterium 
659.  422 0.000699021 0.000132595 Bacteroidetes JF640597 79 uncultured bacterium 
660.  1363 0.001530889 0.0000404 Clostridiales FJ651479 78.9 uncultured Firmicutes bacterium 
661.  21162 0.000190938 0.000185141 Lachnospiraceae   AY324130 78.9 uncultured bacterium 
662.  874 0.000558789 0.000491354 Anaerolineaceae   JF574195 78.8 uncultured bacterium 
663.  2294 0.000191362 0.000190553 Clostridiales   GU959643 78.8 uncultured Firmicutes bacterium 
664.  9109 0.000101564 0.0000447 Ruminococcaceae   JF632595 78.8 uncultured bacterium 
665.  338 0.000952959 0.000210704 Bacteroidetes JF583065 78.7 uncultured bacterium 
666.  8637 0.000649133 0.000105352 Ruminococcaceae   JF645599 78.7 uncultured bacterium 
667.  674 0.000302502 0.000168672 Clostridia   HM105202 78.7 uncultured Firmicutes bacterium 
668.  1436 0.000293514 0.000125539 Firmicutes   AB244143 78.7 uncultured rumen bacterium 
669.  28958 0.000373203 0.0000808 unclassified_Bacteria   JF635756 78.6 uncultured bacterium 
670.  31948 0.000188528 0.000185141 Prevotellaceae JF657928 78.6 uncultured bacterium 
671.  448 0.001079379 0.0004285 Paraprevotella   JX003949 78.5 uncultured bacterium 
672.  758 0.000810854 0.000518767 Proteobacteria HQ699778 78.5 uncultured rumen bacterium 
673.  14746 0.000325124 0.000105352 Anaerolineaceae   JF574195 78.5 uncultured bacterium 
674.  2433 0.000121832 0.0000835 unclassified_Bacteria   JF667713 78.4 uncultured bacterium 
675.  26507 0.000460604 0.0000879 Prevotella   JF640679 78.3 uncultured bacterium 
676.  2151 0.000310524 0.0000431 Bacteroidetes JF641481 78.3 uncultured bacterium 
677.  1688 0.000956008 0.000340073 Ruminococcaceae   JF635412 78.2 uncultured bacterium 
678.  6169 0.000568952 0.0000431 Bacteroidetes HM104896 78.1 uncultured Bacteroidetes bacterium 
679.  1228 0.000526923 0.000150083 Clostridiales   GU957519 78 uncultured Firmicutes bacterium 
680.  567 0.000173127 0.0000863 Bacteroidetes JF666761 78 uncultured bacterium 
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681.  1096 0.00055677 0.0000431 Bacteroidetes JF662301 77.9 uncultured bacterium 
682.  13471 0.000213123 0.0000895 Bacteroidales JF644669 77.9 uncultured bacterium 
683.  1455 0.000449738 0.000161616 Lachnospiraceae   EU748517 77.8 uncultured bacterium 
684.  12496 0.000433158 0.000105352 Bacteroidales JF568194 77.8 uncultured bacterium 
685.  988 0.000371016 0.000228274 Bacteroidetes HM105307 77.8 uncultured Bacteroidetes bacterium 
686.  2098 0.000396687 0.00025397 Bacteroidetes HM104896 77.6 uncultured Bacteroidetes bacterium 
687.  15550 0.000191362 0.000180814 Ruminococcaceae   JF650407 77.5 uncultured bacterium 
688.  25212 0.000190938 0.0000851 Lachnospiraceae   JN803171 77.3 uncultured organism 
689.  1088 0.001472867 0.0004711 Sphingobacteriales AB244116 77.1 uncultured rumen bacterium 
690.  1026 0.0000435 0.0000431 unclassified_Bacteria   JF631350 77.1 uncultured bacterium 
691.  7921 0.000304692 0.000193216 Bacteroidetes JF641717 77 uncultured bacterium 
692.  1965 0.000846481 0.000642242 Prevotella   JF631492 76.9 uncultured bacterium 
693.  1333 0.000271793 0.000221218 Clostridia   JQ866878 76.9 uncultured bacterium 
694.  24950 0.0000687 0.0000431 Clostridiales   JF663875 76.9 uncultured bacterium 
695.  198 0.002423845 0.0000851 Bacteroidales HM105146 76.8 uncultured Bacteroidetes bacterium 
696.  1843 0.000376041 0.0000431 Anaeroplasma   HM104712 76.7 uncultured Tenericutes bacterium 
697.  1245 0.000231796 0.0000431 Bacteroidetes JF664437 76.6 uncultured bacterium 
698.  1622 0.000310584 0.000121212 Bacteroidetes HM104896 76.5 uncultured Bacteroidetes bacterium 
699.  17337 0.001748346 0.001513098 Prevotella JF630752 76.4 uncultured bacterium 
700.  502 0.002228755 0.000965716 Paraprevotella JF653200 76.2 uncultured bacterium 
701.  489 0.000809636 0.000466287 Bacteroidetes HM104977 76.2 uncultured bacterium 
702.  13586 0.000429359 0.000180814 Prevotella   JF627504 76.2 uncultured bacterium 
703.  13272 0.000241795 0.0000431 Bacteroidales JN803087 76.2 uncultured bacterium 
704.  236 0.001225887 0.000480979 Ruminococcaceae HM013433 76.1 uncultured bacterium 
705.  3202 0.000360853 0.0000835 Ruminococcaceae   AY578363 76.1 uncultured bacterium 
706.  18170 0.000200938 0.000194813 Clostridiales   JF664684 76.1 uncultured bacterium 
707.  24741 0.000165314 0.0000835 Ruminococcaceae   JF532756 76.1 uncultured bacterium 
708.  33884 0.000775552 0.000631815 Prevotella   AF018525 75.8 unidentified rumen bacterium 
709.  18235 0.000180939 0.000130997 Anaerolineaceae   JF574195 75.6 uncultured bacterium 
710.  553 0.000597842 0.000390262 Prevotellaceae JF619187 75.5 uncultured bacterium 
711.  1382 0.00044097 0.0000835 Clostridia   JQ866878 75.4 uncultured bacterium 
712.  24356 0.000414498 0.000352215 Lachnospiraceae   JF633584 75.4 uncultured bacterium 
713.  1985 0.000706134 0.00023362 Prevotellaceae AY939200 75.3 uncultured bacterium 
714.  72 0.002867613 0.002128373 Bacteroidales JF628070 75.2 uncultured bacterium 
715.  1788 0.00023442 0.000145823 Bacteroidetes JF625514 75.2 uncultured bacterium 
716.  5003 0.00024923 0.00014041 Sphingobacteriales HM104866 75.1 uncultured Bacteroidetes bacterium 
717.  2175 0.000224421 0.0000447 Pseudoflavonifractor   AB080897 74.9 human intestinal firmicute 
718.  1633 0.000902526 0.000461812 Prevotellaceae JF663736 74.8 uncultured bacterium 
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719.  6740 0.000412302 0.0000447 Bacteroidetes JF652408 74.8 uncultured bacterium 
720.  921 0.001282624 0.000485373 Clostridium IV   GQ467646 74.7 uncultured bacterium 
721.  18313 0.000597624 0.000130997 Anaerolineaceae   JN835142 74.7 uncultured Chloroflexi bacterium 
722.  11256 0.000537132 0.0000431 Bacteroidales JF644669 74.7 uncultured bacterium 
723.  14913 0.0000609 0.0000431 Ruminococcaceae   AY578501 74.7 uncultured bacterium 
724.  3832 0.000343145 0.000174596 Bacteroidetes JN803543 74.5 uncultured organism 
725.  14603 0.000267466 0.000132595 Prevotella   JF617911 74.5 uncultured bacterium 
726.  1679 0.000257043 0.000235284 Prevotellaceae JF661809 74.5 uncultured bacterium 
727.  1589 0.000430324 0.000145756 Ruminococcaceae   JF635412 74.4 uncultured bacterium 
728.  846 0.000526485 0.00034243 unclassified_Bacteria   GU410784 74.3 Synergistetes bacterium oral taxon 363 
729.  728 0.000252278 0.00014041 Lachnospiraceae   JX272138 74.3 uncultured rumen bacterium 
730.  4225 0.0000435 0.0000404 Bacteroidetes HM104980 74.2 uncultured Bacteroidetes bacterium 
731.  400 0.000249668 0.00012667 Ruminococcaceae   JF634176 74 uncultured bacterium 
732.  302 0.00113972 0.000875883 Victivallis   FJ788663 73.9 uncultured Victivallaceae bacterium 
733.  1014 0.000475838 0.0000431 Victivallis   FJ788663 73.9 uncultured Victivallaceae bacterium 
734.  981 0.000353145 0.0000404 Bacteroidetes HM104896 73.9 uncultured Bacteroidetes bacterium 
735.  15747 0.000206186 0.00012667 Planctomycetaceae   JF639735 73.7 uncultured bacterium 
736.  529 0.002784753 0.001014532 Bacteroidales JF621391 73.6 uncultured bacterium 
737.  166 0.001279532 0.001172396 Lachnospiraceae JF641875 73.5 uncultured bacterium 
738.  1341 0.000436897 0.000364357 Lachnospiraceae   AB244117 73.5 uncultured rumen bacterium 
739.  27525 0.00047258 0.000123941 Bacteroidales JN802920 73.4 uncultured organism 
740.  28577 0.000444495 0.000145823 Prevotellaceae JF643925 73.4 uncultured bacterium 
741.  29930 0.000391442 0.000150149 Bacteroidales JF563354 73.4 uncultured bacterium 
742.  7938 0.000370579 0.000266968 TM7_genera_incertae_sedis   HM120628 73.4 uncultured rumen bacterium 
743.  11495 0.000277041 0.00021077 Bacteroidetes JF664437 73.3 uncultured bacterium 
744.  1715 0.000228311 0.000132595 Anaerovorax   FM956913 73.3 uncultured bacterium 
745.  19021 0.000203128 0.0000835 unclassified_Bacteria   JF644748 73.3 uncultured bacterium 
746.  3446 0.000284476 0.000226631 Deltaproteobacteria   GU955549 73.1 uncultured proteobacterium 
747.  18414 0.001053678 0.000567312 Victivallis   JQ423074 73 uncultured bacterium 
748.  820 0.000774267 0.000145823 Oscillibacter   AM276084 73 uncultured bacterium 
749.  7064 0.000462791 0.000232089 Ruminococcaceae   AY854314 72.9 uncultured bacterium 
750.  592 0.001298681 0.001224594 Prevotella JF643929 72.7 uncultured bacterium 
751.  18503 0.000332773 0.0000431 Clostridium IV   JN834099 72.7 uncultured bacterium 
752.  2414 0.000239171 0.0000863 Bacteroidetes JF616853 72.6 uncultured bacterium 
753.  1874 0.000152207 0.0000851 unclassified_Bacteria DQ419590 72.6 uncultured bacterium 
754.  8493 0.000364065 0.000232089 Ruminococcaceae   AM278544 72.5 uncultured bacterium 
755.  7723 0.000543649 0.0000447 Bacteroidetes JF666757 72.3 uncultured bacterium 
756.  3958 0.000514299 0.000134192 Hallella   JF648193 72.2 uncultured bacterium 
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757.  8103 0.0000435 0.0000404 Firmicutes   JF628819 72.2 uncultured bacterium 
758.  89 0.003490785 0.001715814 Bacteroidetes JF665689 72.1 uncultured bacterium 
759.  1267 0.000538685 0.000288895 Erysipelotrichaceae   HM120471 72.1 uncultured rumen bacterium 
760.  15386 0.000484984 0.0000895 Ruminococcaceae   JF667798 72.1 uncultured bacterium 
761.  5013 0.000698811 0.000329299 Ruminococcaceae   AM277903 71.8 uncultured bacterium 
762.  1393 0.000328172 0.000226631 Clostridium IV   JN834099 71.8 uncultured bacterium 
763.  23755 0.000104398 0.0000879 Victivallis   JQ423074 71.8 uncultured bacterium 
764.  766 0.001135708 0.000806411 Victivallis   JQ423106 71.7 uncultured bacterium 
765.  18594 0.000145046 0.0000447 Victivallis   JQ423106 71.7 uncultured bacterium 
766.  304 0.000317521 0.000150149 Clostridiales   JF781977 71.4 uncultured organism 
767.  235 0.000216609 0.000105419 Bacteroidetes JN802815 71.4 uncultured bacterium 
768.  965 0.000737636 0.0000447 Bacteroidales AF018445 71.3 unidentified rumen bacterium 
769.  18126 0.000223396 0.0000835 Victivallis   JQ423106 71.1 uncultured bacterium 
770.  590 0.00239038 0.000311811 Bacteroidetes JF660914 70.7 uncultured bacterium 
771.  8118 0.000257043 0.000148552 Clostridiales   EU462525 70.7 uncultured bacterium 
772.  1180 0.000509111 0.000321224 unclassified_Bacteria   JF644748 70.3 uncultured bacterium 
773.  2913 0.00012221 0.0000431 Bacteroidetes JF656582 70.3 uncultured bacterium 
774.  78 0.001036648 0.000341701 Ruminococcaceae JN884565 70.2 uncultured bacterium 
775.  19553 0.000399251 0.0000431 Ruminococcaceae   JF645026 70.2 uncultured bacterium 
776.  31432 0.000264418 0.0000404 Prevotellaceae JF633166 70.2 uncultured bacterium 
777.  27537 0.000145046 0.000130997 Deltaproteobacteria   GU917276 69.9 uncultured bacterium 
778.  14008 0.000264632 0.000232022 Clostridiales   HM105306 69.7 uncultured Firmicutes bacterium 
779.  134 0.000163068 0.000121212 unclassified_Bacteria GU601771 69.5 uncultured bacterium 
780.  1286 0.001490031 0.001188226 Prevotella JF636259 69.3 uncultured bacterium 
781.  3601 0.000640351 0.000150083 Deltaproteobacteria   GQ448618 69.3 uncultured bacterium 
782.  1370 0.000865998 0.000105419 Bacteroidetes HM104896 69.1 uncultured bacterium 
783.  34680 0.014882783 0.001308337 TM7_genera_incertae_sedis AY578544 68.9 uncultured bacterium 
784.  5065 0.000396523 0.0000404 Bacteroidales JF621391 68.8 uncultured bacterium 
785.  4635 0.00044712 0.000145823 Bacteroidetes JF667323 68.6 uncultured bacterium 
786.  4346 0.000342982 0.0000447 Clostridiales   JQ336211 68.5 uncultured bacterium 
787.  587 0.000157456 0.0000851 Anaerovorax   GQ853683 68.4 uncultured bacterium 
788.  14435 0.0000761 0.0000447 Clostridium IV GU958339 68.4 uncultured Firmicutes bacterium 
789.  28992 0.000215747 0.000185141 Bacteroidetes GQ180811 68.3 uncultured rumen bacterium 
790.  579 0.000381229 0.000145756 Roseburia   GU958110 68.2 uncultured bacterium 
791.  1500 0.000261854 0.0000447 Prevotella   EU290094 67.8 uncultured bacterium 
792.  12927 0.000170293 0.0000879 Pelospora   JQ336635 67.8 uncultured bacterium 
793.  2974 0.000368666 0.00036092 Bacteroidetes JF616141 67.6 uncultured bacterium 
794.  31447 0.000170293 0.000130997 Bacteroidales AF018445 67.6 unidentified rumen bacterium 
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795.  1070 0.0002849 0.000183543 unclassified_Bacteria   JF636734 67.2 uncultured bacterium 
796.  1011 0.001234648 0.00048759 Clostridiales EF507953 67 uncultured bacterium 
797.  1022 0.000414922 0.000407445 Ruminococcaceae   JF645026 66.8 uncultured bacterium 
798.  1982 0.000358393 0.0000431 Victivallis   GU099795 66.8 uncultured bacterium 
799.  29183 0.000353419 0.0000431 Bacteroidales JN803835 66.7 uncultured organism 
800.  6826 0.000387489 0.000210704 Ruminococcaceae   JN884565 66.2 uncultured bacterium 
801.  37803 0.0000787 0.0000447 unclassified_Bacteria JF546132 66.2 uncultured bacterium 
802.  1654 0.000449958 0.000134192 Ruminococcaceae   GU957780 66.1 uncultured Firmicutes bacterium 
803.  1889 0.000209174 0.0000431 unclassified_Bacteria   JF538531 66.1 uncultured bacterium 
804.  5874 0.000198313 0.0000895 Ruminococcaceae   JF552724 66.1 uncultured bacterium 
805.  6109 0.000190938 0.000185141 Ruminococcaceae   JF545929 65.7 uncultured bacterium 
806.  99 0.001908002 0.00121504 Prevotellaceae EU463763 65.6 uncultured bacterium 
807.  8265 0.001019273 0.000251108 Clostridiales   EF507953 65.6 uncultured bacterium 
808.  1178 0.000147456 0.0000404 Firmicutes   JF576380 65.6 uncultured bacterium 
809.  20055 0.000640291 0.00026246 Victivallis   FR828747 65.5 uncultured bacterium 
810.  13932 0.000269289 0.000105352 Victivallis   HM104750 65.5 uncultured Lentisphaerae bacterium 
811.  10814 0.000180502 0.000129865 unclassified_Bacteria JN648195 65.4 uncultured bacterium 
812.  22509 0.00127042 0.000587033 Victivallis FR828747 65.2 uncultured bacterium 
813.  1864 0.000459733 0.000353301 unclassified_Bacteria   FM206014 64.1 uncultured bacterium 
814.  1128 0.000226608 0.0000447 Ruminococcaceae JX272151 64.1 uncultured rumen bacterium 
815.  7334 0.002154461 0.001345918 Victivallis JQ423106 63.9 uncultured bacterium 
816.  32582 0.00016248 0.00012667 unclassified_Bacteria JF562874 63.9 uncultured bacterium 
817.  301 0.000751331 0.000343298 Clostridiales   EU181092 63.8 uncultured microorganism 
818.  13027 0.000236183 0.0000404 unclassified_Bacteria   JF656728 63.6 uncultured bacterium 
819.  8822 0.000154831 0.000148485 Sphingobacteriales JF614882 63.1 uncultured bacterium 
820.  148 0.000548246 0.000251174 Ruminococcaceae   GU955628 62.9 uncultured Firmicutes bacterium 
821.  15335 0.000154831 0.0000447 Ruminococcaceae   JF635169 62.8 uncultured bacterium 
822.  256 0.003992773 0.001210761 Victivallis FJ788663 62.6 uncultured Victivallaceae bacterium 
823.  32293 0.000226231 0.0000447 Bacteroidales JN803835 62.6 uncultured organism 
824.  1767 0.001329857 0.001145036 unclassified_Bacteria   JF562874 62.5 uncultured bacterium 
825.  1572 0.000742083 0.000269764 Ruminococcaceae   GQ214282 62.4 uncultured bacterium 
826.  776 0.00101881 0.000772758 unclassified_Bacteria   AB080879 60.2 uncultured human intestinal bacterium 
827.  31278 0.000534508 0.000399659 unclassified_Bacteria AB080879 59.9 uncultured human intestinal bacterium 
828.  6351 0.000304414 0.000105352 unclassified_Bacteria   JF531479 59.7 uncultured bacterium 
829.  1585 0.000360794 0.000317224 Proteobacteria EU882218 59 uncultured cyanobacterium 
830.  21794 0.000421496 0.00032428 Ruminococcaceae   EU463485 58.9 uncultured bacterium 
831.  671 0.004659431 0.0000404 unclassified_Bacteria   AY914239 58 uncultured bacterium 
832.  617 0.000520813 0.000363086 unclassified_Bacteria   JF648300 57.7 uncultured bacterium 
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833.  4332 0.00023442 0.0000447 Clostridiales   JQ085644 57.7 uncultured bacterium 
834.  9893 0.000233559 0.000105419 unclassified_Bacteria   JF539737 57.7 uncultured bacterium 
835.  15244 0.0003079 0.000194813 Firmicutes   GU959152 56.7 uncultured Firmicutes bacterium 




Appendix D. List of 836 OTUs that statistically presence both in cattle co-grazed with camels (Cat_Co_R) and cattle grazed alone (Cat_Alone_R) with ANOVA 
analysis using false discovery rate (FDR) correction. OTUs were classified using data from the Greengenes and referenced data  from the GenBank (BLAST) 
database. Closest relative and reference according to GenBank is listed a long with its accession number and percent identity. # Reading value of 1 represent 100% 
composition, meanwhile E-05 represent value divide by 100,000. 
Number OTU Cat_Co_R# Cat_Alone_R# Accession no. Similarity % Bacterium 
1.  550 0.000320146 0.000278351 AY445596.1 99.79 Ruminococcus albus  
2.  1543 0.004826838 0.00186787 AF202260.1 99.18 Pseudobutyrivibrio ruminis 
3.  394 0.000220936 0.000105352 AB003384.1 99.14 Prevotella sp. 
4.  12449 0.000589104 0.000193282 AF202260.1 98.16 Pseudobutyrivibrio ruminis 
5.  17095 8.70E-05 4.04E-05 CP002158.1 97.81 Fibrobacter subsp. Succinogenes 
6.  3142 0.00013702 8.08E-05 AJ496186.1 97.60 Fibrobacter succinogenes 
7.  476 0.000806788 0.00060938 FJ794074.1 97.53 Butyrivibrio hungatei  
8.  12896 0.000378665 0.000295839 AB275484.1 97.39 Fibrobacter succinogenes  
9.  13337 0.000173127 4.04E-05 AY445599.1 97.37 Ruminococcus flavefaciens 
10.  860 0.001034302 0.00087047 AY699273.1 97.23 Butyrivibrio fibrisolvens M55 
11.  384 0.001437094 0.000976614 M62693.1 97.10 Fibrobacter succinogenes 
12.  25953 6.09E-05 4.31E-05 AB501153.1 97.05 Prevotella ruminicola 
13.  42059 0.000277101 0.000105352 AB008552.1 97.03 Eubacterium ruminantium 
14.  11563 0.000437334 8.63E-05 AM915269.1 96.93 Ruminococcus flavefaciens 
15.  29330 4.35E-05 4.31E-05 AB501164.1 96.83 Prevotella ruminicola 
16.  1515 0.000432734 0.000278417 NZ_ABEY02000025.1 96.75 Coprococcus eutactus 
17.  1377 0.001087788 0.000781268 NZ_ABEY02000025.1 96.50 Coprococcus eutactus 
18.  16923 0.000518686 0.00028082 AM920691.1 96.39 Ruminococcus flavefaciens 
19.  770 0.000188314 8.63E-05 AY445601.1 96.30 Ruminococcus flavefaciens 
20.  228 0.000685873 0.000186227 AB501167.1 96.20 Prevotella ruminicola 
21.  3497 0.000144832 8.08E-05 CP001811.1 96.17 Butyrivibrio proteoclasticus 
22.  2470 0.000205748 4.04E-05 AF202260.1 96.11 Pseudobutyrivibrio ruminis 
23.  26909 0.000344007 0.000105352 AJ011522.1 96.01 Eubacterium ramulus Human gut 
24.  26682 0.000500228 0.000405584 AB501173.1 95.98 Prevotella ruminicola 
25.  22917 0.000267256 0.000188956 AM915270.1 95.37 Ruminococcus flavefaciens  
26.  14487 0.000205962 0.000193282 AF030448.1 95.37 Ruminococcus flavefaciens 
27.  38023 0.000572168 0.000452547 X81137.1 95.35 Succiniclasticum ruminis  
28.  511 0.001735513 0.000720094 CP002006.1 95.09 Prevotella ruminicola 
29.  320 0.000223396 0.000150149 AF202258.1 95.08 Eubacterium oxidoreducens 
30.  468 0.002839611 0.000895852 AB501173.1 94.97 Prevotella ruminicola 
31.  33056 0.00199223 0.001600175 NR_026205.1 94.87 Succiniclasticum ruminis 
32.  166 0.001279532 0.001172396 CP002109.1 94.87 Clostridium saccharolyticum  
33.  1498 0.000726845 0.000605359 AB501166.1 94.79 Prevotella sp.  
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34.  22526 0.000409678 0.00014041 X81137.1 94.70 Succiniclasticum ruminis 
35.  31055 0.000358607 0.000190553 AJ009933.1 94.69 Prevotella aff. ruminicola  
36.  39530 0.001537633 0.000460829 AJ009933.1 94.57 Prevotella aff. ruminicola Tc2-24 
37.  19821 0.00035058 0.000251174 AJ009933.1 94.57 Prevotella aff. ruminicola 
38.  376 0.000846481 0.00063924 AY804149.1 94.57 Roseburia faecalis  
39.  21734 0.000220936 0.000188889 FN178461.2 94.54 Olsenella sp. 
40.  31749 0.000461075 0.000359322 AB501173.1 94.52 Prevotella ruminicola 
41.  4736 0.000246396 8.79E-05 X81137.1 94.50 Succiniclasticum ruminis  
42.  951 0.00073422 0.000631195 AM920691.1 94.49 Ruminococcus flavefaciens 
43.  1959 0.000294959 0.000105352 AJ009933.1 94.37 Prevotella aff. ruminicola 
44.  27053 0.000218372 0.000188956 AJ009933.1 94.29 Prevotella aff. ruminicola 
45.  605 7.87E-05 4.04E-05 FP929061.1 94.25 Clostridiales sp. 
46.  32927 0.001977643 0.001143232 NR_026205.1 94.25 Succiniclasticum ruminis  
47.  8251 0.000182749 8.51E-05 EU728700.1 94.22 Coprococcus sp. 
48.  1100 0.00100174 0.000316122 AB501165.1 94.16 Prevotella sp. 
49.  1615 0.000328172 0.000185141 AJ009933.1 94.16 Prevotella aff. ruminicola 
50.  1155 0.000101564 8.08E-05 AY804149.1 94.06 Roseburia faecalis 
51.  1875 0.000289878 0.000174596 AY534872.1 93.81 Clostridium sp. 
52.  28158 0.000282066 0.000210837 AB501173.1 93.79 Prevotella ruminicola 
53.  1895 0.000467602 0.00042424 AJ009933.1 93.76 Prevotella aff. ruminicola 
54.  31925 0.000285337 8.51E-05 AF218619.1 93.76 Prevotella ruminicola 
55.  2175 0.000224421 4.47E-05 EU815224.1 93.74 Clostridium sp. 
56.  34672 0.000246396 8.51E-05 AF218619.1 93.73 Prevotella ruminicola  
57.  40980 0.000378665 0.000340237 AB501167.1 93.71 Prevotella ruminicola 
58.  1708 0.002289861 0.000130997 AJ009933.1 93.60 Prevotella aff. ruminicola Tc2-24 
59.  2485 6.09E-05 4.31E-05 NR_026205.1 93.59 Succiniclasticum ruminis 
60.  921 0.001282624 0.000485373 NZ_ABCB02000017.1 93.55 Clostridium leptum 
61.  777 0.002147023 0.002019805 X81137.1 93.53 Succiniclasticum ruminis  
62.  2732 0.000218372 0.000172999 NZ_AAVL02000015.1 93.46 Eubacterium ventriosum 
63.  32532 0.000231209 0.000129865 NR_025567.1 93.45 Clostridium bolteae 
64.  2134 0.000603073 0.000247883 NZ_AAYW02000018.1 93.45 Clostridium sp.  
65.  1843 0.000376041 4.31E-05 NR_029167.1 93.42 Anaeroplasma abactoclasticum 
66.  1738 0.00057387 0.000447089 AB501165.1 93.39 Prevotella sp. 
67.  1913 0.0007086 0.000448732 AY804149.1 93.33 Roseburia faecalis 
68.  319 0.001323854 0.00084575 AJ009933.1 93.25 Prevotella aff. ruminicola Tc2-24 
69.  2210 0.000208372 4.47E-05 L34418.1 93.24 Clostridium herbivorans 
70.  27625 0.000513648 8.08E-05 AB501166.1 93.20 Prevotella sp. 
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71.  33339 0.000244042 0.000148552 AB501155.1 93.19 Prevotella sp.  
72.  33092 0.000350794 4.04E-05 AB501165.1 93.17 Prevotella sp. 
73.  606 0.002002984 0.000423707 AB501168.1 93.16 Prevotella ruminicola 
74.  9191 0.000264632 0.000229871 AJ009933.1 93.10 Prevotella aff. ruminicola  
75.  10556 0.001535019 0.000445988 X81137.1 93.02 Succiniclasticum ruminis  
76.  42351 0.000198373 0.000148552 AB501166.1 93.00 Prevotella sp. 
77.  5864 0.000241855 0.00014041 L34621.1 92.99 Eubacterium hallii 
78.  655 0.000364489 0.000700926 AJ009933.1 92.90 Prevotella aff. ruminicola  
79.  769 0.000287147 8.79E-05 NZ_ABEY02000028.1 92.89 Coprococcus eutactus 
80.  27933 0.000355875 4.04E-05 AB501173.1 92.89 Prevotella ruminicola  
81.  17091 0.000430383 0.000379442 AB501155.1 92.83 Prevotella sp. 
82.  22318 0.00025902 0.000150149 CP002006.1 92.79 Prevotella ruminicola 
83.  7993 0.000256395 0.000217729 X77839.1 92.77 Clostridium polysaccharolyticum  
84.  30118 0.0006204 8.79E-05 AB501155.1 92.76 Prevotella sp. 
85.  3916 0.000277525 0.000211805 AB501167.1 92.76 Prevotella ruminicola 
86.  28948 0.000440606 8.51E-05 AB501167.1 92.76 Prevotella ruminicola 
87.  13357 0.000244042 4.31E-05 AJ009933.1 92.76 Prevotella aff. ruminicola 
88.  20184 0.000353204 0.000105419 AF218619.1 92.59 Prevotella ruminicola 
89.  25437 0.000277902 0.000210208 AB501166.1 92.57 Prevotella sp. 
90.  34485 0.000180502 8.51E-05 AB501166.1 92.52 Prevotella sp. 
91.  51 0.000145046 0.00014041 AF218619.1 92.46 Prevotella ruminicola 
92.  39556 0.000538899 0.000383702 AF218619.1 92.43 Prevotella ruminicola 
93.  1491 0.000843527 0.000128268 AB501172.1 92.43 Prevotella ruminicola 
94.  1965 0.000846481 0.000642242 AB501166.1 92.38 Prevotella sp. 
95.  20047 0.000317521 0.000128268 AJ009933.1 92.35 Prevotella aff. ruminicola 
96.  1484 0.000752172 0.000125539 AB501165.1 92.31 Prevotella sp. 
97.  27993 0.001232941 0.000786128 NZ_AAYW02000018.1 92.24 Clostridium sp. 
98.  1110 0.000386901 0.000150149 AB501167.1 92.17 Prevotella ruminicola 
99.  17069 0.000259289 0.000253341 AJ009933.1 92.14 Prevotella aff. ruminicola 
100.  26063 0.000154831 8.35E-05 AB501167.1 92.06 Prevotella ruminicola 
101.  254 0.003307613 0.001110547 AJ009933.1 91.98 Prevotella aff. ruminicola 
102.  583 0.002060174 0.000452547 CP002006.1 91.95 Prevotella ruminicola  
103.  157 0.003979037 0.002647471 AB501164.1 91.95 Prevotella ruminicola 
104.  28091 0.000457663 0.000150149 AB501155.1 91.95 Prevotella sp. 
105.  34182 0.000490224 0.000251241 AB501165.1 91.94 Prevotella sp. 
106.  9109 0.000101564 4.47E-05 AF030450.1 91.93 Ruminococcus flavefaciens 
107.  15534 0.000182749 0.000150149 ABCA03000054.1 91.88 Eubacterium siraeum 
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108.  15604 0.000147456 8.35E-05 HM626173.1 91.81 Oscillibacter sp. 
109.  584 0.000155693 0.000105352 HM626173.1 91.80 Oscillibacter 
110.  20010 0.00043498 4.47E-05 AB501159.1 91.78 Prevotella ruminicola 
111.  33682 0.000589756 0.000237947 CP002006.1 91.78 Prevotella ruminicola 
112.  35599 0.000314911 0.00012667 AB501166.1 91.75 Prevotella sp. 
113.  8219 0.000137457 0.00012667 AF030450.1 91.75 Ruminococcus flavefaciens 
114.  36276 0.000401064 4.47E-05 CP002006.1 91.67 Prevotella ruminicola  
115.  756 0.00096147 0.000853339 AB501166.1 91.55 Prevotella sp. 
116.  27060 0.000330582 0.000303996 AJ009933.1 91.55 Prevotella aff. ruminicola 
117.  1698 0.001024462 0.000374096 U41167.1 91.54 Butyrivibrio fibrisolvens 
118.  1420 0.000327958 0.000255501 AM915269.1 91.54 Ruminococcus flavefaciens  
119.  25689 0.000121832 4.31E-05 AY949859.1 91.53 Clostridium sp. 
120.  729 0.001693108 0.000718547 AF218619.1 91.43 Prevotella ruminicola 
121.  245 0.001404937 0.001372849 EU728700.1 91.37 Coprococcus sp.  
122.  2958 0.000310948 4.04E-05 AY445593.1 91.36 Ruminococcus flavefaciens 
123.  17364 0.000409357 0.000129865 CP002006.1 91.25 Prevotella ruminicola 
124.  665 0.0004913 8.08E-05 HM037995.1 91.24 Eubacterium coprostanoligenes 
125.  6433 0.000411711 8.51E-05 HM037995.1 91.24 Eubacterium coprostanoligenes  
126.  1853 0.000495352 0.000259731 AB501165.1 91.23 Prevotella sp. 
127.  1775 0.000668483 0.000123941 AB501165.1 91.15 Prevotella sp. 
128.  1455 0.000449738 0.000161616 CP002109.1 91.15 Clostridium saccharolyticum 
129.  8556 0.000610461 0.000302864 AF218620.1 91.08 Prevotella ruminicola 
130.  503 0.001070889 0.001027496 AB501165.1 91.07 Prevotella sp. 
131.  751 0.000112211 0.000105352 HM626173.1 91.04 Oscillibacter sp. 
132.  168 7.61E-05 4.04E-05 CP000885.1 91.02 Clostridium phytofermentans 
133.  260 0.00023201 0.000145823 NZ_ABEY02000025.1 90.97 Coprococcus eutactus 
134.  42530 0.000328382 0.000278417 AF218619.1 90.96 Prevotella ruminicola  
135.  33615 0.000242657 8.79E-05 AB501166.1 90.96 Prevotella sp.  
136.  1633 0.000902526 0.000461812 AB501166.1 90.96 Prevotella sp. 
137.  1286 0.001490031 0.001188226 FJ717335.2 90.96 Prevotella sp. 
138.  25927 0.001125872 0.001069707 AJ009933.1 90.95 Prevotella aff. ruminicola Tc2-24 
139.  30912 0.000256605 0.000255434 AJ009933.1 90.95 Prevotella aff. ruminicola 
140.  1099 0.000867117 0.000361422 AB501151.1 90.94 Prevotella ruminicola 
141.  35126 0.00025902 0.000191685 AJ508452.1 90.91 Clostridium bolteae 
142.  1994 0.000396249 8.79E-05 NR_024661.1 90.91 Eubacterium ruminantium  
143.  16072 0.00014788 8.95E-05 NZ_ABEY02000028.1 90.87 Coprococcus eutactus 
144.  7372 0.000213775 4.47E-05 HM626173.1 90.80 Oscillibacter sp.  
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145.  757 0.001137848 0.000877593 AJ009933.1 90.80 Prevotella aff. ruminicola Tc2-24 
146.  1111 0.000165314 0.000105352 DQ479419.1 90.80 Desulfotomaculum sp. 
147.  4511 0.000429732 0.000274024 NZ_ABEY02000025.1 90.79 Coprococcus eutactus 
148.  26507 0.000460604 8.79E-05 AB501155.1 90.78 Prevotella sp. 
149.  2201 0.000659024 0.000527431 AF202262.1 90.76 Pseudobutyrivibrio ruminis 
150.  7651 0.00057778 8.08E-05 NR_024815.1 90.75 Prevotella shahii  
151.  703 0.000899906 0.000469709 AJ009933.1 90.74 Prevotella aff. ruminicola Tc2-24 
152.  21939 0.000645213 0.000350618 DQ479411.1 90.74 Desulfotomaculum sp.  
153.  28327 0.00012221 8.51E-05 AF218619.1 90.74 Prevotella ruminicola 
154.  22519 0.00012221 8.95E-05 X76739.1 90.74 Clostridium xylanolyticum 
155.  2607 0.00033577 8.51E-05 DQ479419.1 90.70 Desulfotomaculum sp.  
156.  443 0.000846635 0.00066658 AJ009933.1 90.69 Prevotella aff. ruminicola Tc2-24 
157.  14603 0.000267466 0.000132595 AB501176.1 90.64 Prevotella brevis str. 
158.  164 0.00038839 0.003642082 AY960572.1 90.59 Clostridium sp. 
159.  41373 0.000277902 4.04E-05 AF218619.1 90.57 Prevotella ruminicola 
160.  33884 0.000775552 0.000631815 AJ009933.1 90.56 Prevotella aff. ruminicola Tc2-24 
161.  388 0.001274828 0.000272493 AJ009933.1 90.54 Prevotella aff. ruminicola Tc2-24 
162.  14988 0.000198313 8.35E-05 AB491208.1 90.51 Clostridium sp. 
163.  10735 0.000199175 0.000150083 AY178841.1 90.46 Pseudobutyrivibrio ruminis 
164.  730 0.000463592 0.000145823 AY949857.1 90.45 Clostridium sp. 
165.  13586 0.000429359 0.000180814 AF218619.1 90.40 Prevotella ruminicola 
166.  1393 0.000328172 0.000226631 NZ_ABCB02000019.1 90.39 Clostridium leptum 
167.  1022 0.000414922 0.000407445 Y18180.1 90.37 Clostridium thermosuccinogenes  
168.  601 0.000388711 0.000255501 EU728700.1 90.36 Coprococcus sp. 
169.  24710 0.000271857 0.000188889 AB501155.1 90.36 Prevotella sp. 
170.  31968 0.000371016 0.00014041 AB501166.1 90.35 Prevotella sp. 
171.  421 0.002632212 0.001764724 AF218619.1 90.34 Prevotella ruminicola 
172.  30310 0.000733285 8.35E-05 NR_024815.1 90.34 Prevotella shahii 
173.  287 0.000480379 0.000338972 NZ_AAVL02000015.1 90.25 Eubacterium ventriosum 
174.  18503 0.000332773 4.31E-05 NZ_ABCB02000019.1 90.22 Clostridium leptum  
175.  222 0.001897111 0.001062281 AY178841.1 90.16 Pseudobutyrivibrio ruminis  
176.  30763 0.000173127 8.35E-05 AB501166.1 90.16 Prevotella sp. 
177.  444 0.001548606 0.001433183 AB108825.1 90.16 Prevotella shahii  
178.  31948 0.000188528 0.000185141 FJ577255.2 90.16 Prevotella sp. 
179.  406 0.000101564 8.35E-05 Y18191.1 90.14 Syntrophococcus sucromutans 
180.  308 0.002503375 0.000225545 AB008552.1 89.98 Eubacterium ruminantium 
181.  17337 0.001748346 0.001513098 AF218619.1 89.98 Prevotella ruminicola  
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182.  312 0.001142632 0.000298701 AY949857.1 89.96 Clostridium sp.  
183.  113 0.000561517 0.000371367 AY005061.1 89.94 Prevotella sp. 
184.  404 0.000130446 0.000105419 ACFX02000046.1 89.92 Clostridium sp. 
185.  27769 0.000139644 4.04E-05 M57737.1 89.92 Treponema bryantii 
186.  368 0.00226145 0.000415272 AJ009933.1 89.86 Prevotella aff. ruminicola Tc2-24 
187.  290 0.000712398 0.00059607 AF357573.1 89.83 mpn-isolate group 25 
188.  40850 0.000257043 0.000185141 AY949859.1 89.83 Clostridium sp. 
189.  24356 0.000414498 0.000352215 NR_024661.1 89.75 Eubacterium ruminantium 
190.  1014 0.000475838 4.31E-05 AY049713.1 89.75 Victivallis vadensis 
191.  333 0.001861539 0.001685472 AB501155.1 89.74 Prevotella sp. 
192.  592 0.001298681 0.001224594 AY278624.1 89.74 Prevotella genomosp. C1 
193.  15905 0.000145046 0.000128268 NZ_ABEY02000028.1 89.66 Coprococcus eutactus 
194.  15113 0.000477331 0.000125539 AJ009933.1 89.66 Prevotella aff. ruminicola 
195.  23452 0.001271132 0.000654148 AB501166.1 89.60 Prevotella sp. 
196.  1715 0.000228311 0.000132595 NR_028911.1 89.55 Anaerovorax odorimutans  
197.  1982 0.000358393 4.31E-05 ABDE01000031.1 89.47 Victivallis vadensis  
198.  23560 0.00022356 8.95E-05 AY487928.1 89.41 Acetanaerobacterium elongatum 
199.  1065 0.00063286 0.000588631 AY949859.1 89.35 Clostridium sp. 
200.  37 0.001224425 0.002789298 DQ479411.1 89.34 Desulfotomaculum sp. 
201.  845 0.001085712 0.000892172 EU728700.1 89.34 Coprococcus sp.  
202.  18594 0.000145046 4.47E-05 NR_027565.1 89.30 Victivallis vadensis 
203.  2273 0.000230935 0.000217729 HM626173.1 89.26 Oscillibacter sp. 
204.  10194 0.000130446 0.000105419 EU346756.1 89.24 Butyrivibrio fibrisolvens 
205.  19553 0.000399251 4.31E-05 AB093546.1 89.22 Clostridium sp. 
206.  27995 0.00075508 0.000225545 DQ479411.1 89.18 Desulfotomaculum sp. 
207.  13786 7.87E-05 4.04E-05 M25050.1 89.17 Anaeroplasma abactoclasticum 
208.  972 0.000295337 0.000259731 NR_028961.1 89.14 Faecalibacterium prausnitzii 
209.  2138 0.000213561 0.000169804 AY960569.1 89.14 Ruminococcus sp. 
210.  18507 0.000744647 0.00021077 NZ_ABCB02000019.1 89.14 Clostridium leptum 
211.  1173 0.000417593 0.000251174 AF139524.1 89.11 Bacteroides sp. 
212.  766 0.001135708 0.000806411 AY049713.1 89.11 Victivallis vadensis  
213.  27655 0.000147456 0.00014041 HM626173.1 89.08 Oscillibacter sp. 
214.  300 0.001500965 0.000488625 NZ_ABCB02000019.1 89.05 Clostridium leptum  
215.  18950 0.000112211 4.04E-05 NZ_ABCC02000039.1 89.05 Clostridium bolteae 
216.  1341 0.000436897 0.000364357 FP929055.1 89.05 Ruminococcus torques 
217.  14819 0.000279665 0.000210837 AY949857.1 89.03 Clostridium sp. 
218.  728 0.000252278 0.00014041 U77337.1 89.03 Butyrivibrio fibrisolvens  
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219.  2215 0.00049124 0.00014041 HM037995.1 89.00 Eubacterium coprostanoligenes 
220.  19515 0.000325338 0.000291482 AY005061.1 88.98 Prevotella sp.  
221.  9228 0.000289227 0.000210837 NR_027558.1 88.97 Anaerotruncus colihominis 
222.  11 0.00013702 4.47E-05 AB501155.1 88.96 Prevotella sp. 
223.  20055 0.000640291 0.00026246 AY049713.1 88.96 Victivallis vadensis  
224.  679 0.000881513 0.000584703 NR_028911.1 88.93 Anaerovorax odorimutans 
225.  2218 0.000313195 8.08E-05 AJ251215.1 88.93 Anaerovorax odorimutans 
226.  38123 7.61E-05 4.04E-05 AB008552.1 88.91 Eubacterium ruminantium 
227.  4426 0.000224421 0.000105419 ACCJ01000522.1 88.89 Clostridium asparagiforme 
228.  2060 0.00034796 4.31E-05 HM626173.1 88.87 Oscillibacter sp.  
229.  696 0.000294913 4.31E-05 AB108825.1 88.84 Prevotella shahii 
230.  8993 0.000101564 4.04E-05 M57737.1 88.84 Treponema bryantii 
231.  5843 4.35E-05 4.04E-05 NR_027203.1 88.80 Mogibacterium neglectum 
232.  18126 0.000223396 8.35E-05 NR_027565.1 88.72 Victivallis vadensis 
233.  715 0.000571292 0.00040349 AF357914.2 88.71 Desulfuromonas michiganensis 
234.  36414 0.000190561 8.35E-05 NZ_ABGD02000021.1 88.71 Anaerotruncus colihominis 
235.  517 0.001419874 0.001365382 AY548783.1 88.70 Clostridium sp.  
236.  302 0.00113972 0.000875883 AY049713.1 88.70 Victivallis vadensis 
237.  21162 0.000190938 0.000185141 X77839.1 88.68 Clostridium polysaccharolyticum 
238.  7334 0.002154461 0.001345918 AY049713.1 88.65 Victivallis vadensis  
239.  258 0.000137457 0.000105419 AB547652.1 88.62 Paraprevotella xylaniphila 
240.  1552 0.000394276 0.000180814 AY949857.1 88.59 Clostridium sp. 
241.  26537 0.000157456 8.51E-05 AB501151.1 88.58 Prevotella ruminicola 
242.  1267 0.000538685 0.000288895 AM238669.1 88.57 Bulleidia moorei 
243.  134 0.000163068 0.000121212 GQ182981.1 88.54 Solobacterium moorei 
244.  15630 0.000299937 4.04E-05 Z49863.1 88.51 Sporobacter termitidis 
245.  6133 0.00022115 4.31E-05 M57737.1 88.47 Treponema bryantii 
246.  1808 0.000279288 8.51E-05 EU728700.1 88.47 Coprococcus sp. 
247.  89 0.003490785 0.001715814 EU281854.1 88.46 Eubacterium sp. 
248.  1158 0.000415136 0.000366974 AY949857.1 88.45 Clostridium sp. 
249.  4488 0.001486182 4.47E-05 HM626173.1 88.39 Oscillibacter sp.  
250.  17915 0.000357955 0.000105352 CP002006.1 88.36 Prevotella ruminicola  
251.  4803 0.000984456 0.000191685 HM626173.1 88.34 Oscillibacter sp. 
252.  15282 0.000241795 0.000121212 AY574991.1 88.31 Catabacter hongkongensis 
253.  1011 0.001234648 0.00048759 AB490809.1 88.31 Catabacter sp. 
254.  5523 0.000307526 0.00014041 FP929055.1 88.30 Ruminococcus torques 
255.  22509 0.00127042 0.000587033 AY049713.1 88.21 Victivallis vadensis  
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256.  36086 0.000223774 0.000121212 AB108825.1 88.18 Prevotella shahii  
257.  176 0.002524127 0.001496427 AY949857.1 88.17 Clostridium sp. 
258.  15111 0.000241855 0.000213403 Z49863.1 88.16 Sporobacter termitidis  
259.  18231 0.000419737 8.35E-05 AB501176.1 88.15 Prevotella brevis 
260.  892 0.000190938 4.47E-05 AB491208.1 88.12 Clostridium sp. 
261.  8637 0.000649133 0.000105352 EU815223.1 88.12 Ruminococcus sp. 
262.  2734 0.00014788 8.51E-05 AB238598.1 88.11 Oscillibacter valericigenes 
263.  587 0.000157456 8.51E-05 GQ461729.1 88.11 Eubacterium 
264.  579 0.000381229 0.000145756 EF564278.1 88.09 Clostridium lavalense 
265.  48 0.002821642 0.00278449 EU728700.1 88.03 Coprococcus sp. 
266.  554 0.000397124 0.000279549 GU470893.1 88.03 Solobacterium moorei  
267.  3832 0.000343145 0.000174596 EU281854.1 88.03 Eubacterium sp. 
268.  24741 0.000165314 8.35E-05 NZ_ABCB02000017.1 87.99 Clostridium leptum 
269.  500 0.000409734 0.00035666 AY949857.1 87.97 Clostridium sp. 
270.  1176 0.000897929 0.000671599 HM626173.1 87.96 Oscillibacter sp. 
271.  41554 0.000190938 8.95E-05 NZ_AAYW02000018.1 87.96 Clostridium sp. 
272.  408 0.000982429 0.000630306 Z49863.1 87.95 Sporobacter termitidis  
273.  428 0.000635862 0.000303996 NC_010001.1 87.93 Clostridium phytofermentans 
274.  7064 0.000462791 0.000232089 HM626173.1 87.90 Oscillibacter sp. 
275.  35419 0.000274417 4.04E-05 EU281854.1 87.88 Eubacterium sp. 
276.  644 0.000139644 0.000105352 CP000885.1 87.84 Clostridium phytofermentans 
277.  820 0.000774267 0.000145823 AB238598.1 87.84 Oscillibacter valericigenes 
278.  370 0.002645497 0.001471806 AB547688.1 87.82 Prevotella loescheii 
279.  1414 0.001346277 0.000502364 DQ002932.1 87.81 Anaerotruncus colihominis  
280.  8265 0.001019273 0.000251108 AB490809.1 87.81 Catabacter sp.  
281.  1697 0.000275278 0.000105419 ACPT01000052.1 87.78 Bacteroides sp. 
282.  31432 0.000264418 4.04E-05 AJ009933.1 87.75 Prevotella aff. ruminicola  
283.  7871 0.000538899 0.000380973 Z49863.1 87.74 Sporobacter termitidis 
284.  3025 0.000129645 4.47E-05 HM626173.1 87.73 Oscillibacter sp. 
285.  478 0.000513652 0.000225545 NZ_ABCC02000039.1 87.68 Clostridium bolteae 
286.  2814 0.000165314 0.000145823 EU815226.1 87.66 Anaerotruncus sp. 
287.  3316 0.000104398 4.47E-05 EU815224.1 87.63 Clostridium sp. 
288.  650 0.001070135 0.001005966 EU281854.1 87.63 Eubacterium sp.  
289.  3202 0.000360853 8.35E-05 AB491207.1 87.61 Clostridium sp.  
290.  41723 0.000722234 0.000188889 AY949857.1 87.60 Clostridium sp. 
291.  315 0.001258989 0.001134691 AY949857.1 87.58 Clostridium sp.  
292.  14435 7.61E-05 4.47E-05 ABCA03000054.1 87.58 Eubacterium siraeum 
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293.  15721 0.000530872 0.000148485 AB490809.1 87.56 Catabacter sp. 
294.  256 0.003992773 0.001210761 NR_027565.1 87.55 Victivallis vadensis 
295.  448 0.001079379 0.0004285 NZ_ABIY02000097.1 87.53 Bacteroides coprocola 
296.  8493 0.000364065 0.000232089 EU815224.1 87.53 Clostridium sp.  
297.  42 0.002288286 0.001425032 EU281854.1 87.50 Eubacterium sp.  
298.  682 0.000424064 4.47E-05 NR_028911.1 87.50 Anaerovorax odorimutans 
299.  1028 0.000491677 0.000254938 Y18180.1 87.47 Clostridium thermosuccinogenes 
300.  1105 0.001063621 8.95E-05 EU281854.1 87.47 Eubacterium sp. 
301.  6250 0.000419523 0.000317224 FP929055.1 87.45 Ruminococcus torques 
302.  1910 0.000284913 4.31E-05 AY949859.1 87.45 Clostridium sp. 
303.  230 0.00098922 0.00042361 AY949857.1 87.40 Clostridium sp. 
304.  707 0.000432146 0.000191685 AY949857.1 87.34 Clostridium sp. 
305.  36747 0.00061826 0.000145756 EU281854.1 87.32 Eubacterium sp.  
306.  534 0.001171541 0.000210674 EU281854.1 87.32 Eubacterium sp. 
307.  369 0.001095437 0.000384804 AY548783.1 87.32 Clostridium sp. 
308.  148 0.000548246 0.000251174 HM626173.1 87.31 Oscillibacter sp. 
309.  25429 0.000137457 8.35E-05 EU281854.1 87.28 Eubacterium 
310.  24543 0.000526545 0.000305593 AB547689.1 87.23 Prevotella loescheii 
311.  350 0.002346031 0.000621979 NZ_ABGD02000021.1 87.20 Anaerotruncus colihominis  
312.  20450 0.000697211 0.00032581 AB547689.1 87.20 Prevotella loescheii 
313.  42231 0.000310584 0.000174596 EU281854.1 87.20 Eubacterium sp. 
314.  14913 6.09E-05 4.31E-05 AY949859.1 87.15 Clostridium sp. 
315.  170 0.000482412 0.00046622 CP000885.1 87.14 Clostridium phytofermentans 
316.  24809 0.000163068 0.000148552 EU281854.1 87.12 Eubacterium sp. 
317.  22801 0.000977528 0.000295839 AF357573.1 87.10 mpn-isolate group 25 
318.  1701 0.000241855 0.000210837 AB253727.1 87.10 Bacteroides barnesiae 
319.  2969 0.000482412 0.000332095 NR_028911.1 87.09 Anaerovorax odorimutans 
320.  1869 0.000220936 0.000183543 AY442822.1 87.09 Ruminococcus sp.  
321.  138 0.000791824 0.000649252 NZ_ABGD02000031.1 87.08 Anaerotruncus colihominis  
322.  61 0.002624417 0.002531694 EU281854.1 87.06 Eubacterium sp. 
323.  
12927 0.000170293 8.79E-05 DQ666176.1 87.06 
Syntrophomonas wolfei subsp. 
saponavida 
324.  11965 0.000170293 0.000105352 EU281854.1 87.05 Eubacterium sp. 
325.  25212 0.000190938 8.51E-05 EU887842.1 87.05 Butyrivibrio fibrisolvens 
326.  36 0.017681321 0.010260214 EU281854.1 86.97 Eubacterium sp. 
327.  553 0.000597842 0.000390262 NZ_AAYH02000049.1 86.92 Bacteroides uniformis 
328.  2005 0.000795718 4.04E-05 AF357573.1 86.91 mpn-isolate group 25 
329.  40347 0.000302334 0.000150083 EU281854.1 86.90 Eubacterium sp. 
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330.  8991 0.000444924 4.47E-05 EU281854.1 86.90 Eubacterium sp. 
331.  2846 0.003080795 0.001755518 ABCA03000054.1 86.89 Eubacterium siraeum 
332.  39177 0.000401651 4.04E-05 EU281854.1 86.89 Eubacterium sp. 
333.  5610 0.000344007 4.31E-05 NR_028911.1 86.89 Anaerovorax odorimutans 
334.  15550 0.000191362 0.000180814 ABED02000017.1 86.89 Faecalibacterium prausnitzii 
335.  2463 0.001298475 0.000708808 AF357573.1 86.88 mpn-isolate group 25 
336.  30956 0.000412088 0.000194813 AB093546.1 86.88 Clostridium sp. 
337.  18656 0.000249668 4.47E-05 EU815224.1 86.88 Clostridium sp. 
338.  1512 0.000745504 0.000217729 EU281854.1 86.84 Eubacterium sp. 
339.  2649 0.000452149 0.000105352 AB037875.1 86.76 Mogibacterium neglectum 
340.  1224 0.000155693 0.000128268 EU158190.1 86.73 Clostridium 
341.  1985 0.000706134 0.00023362 AY005061.1 86.72 Prevotella sp.  
342.  2529 0.000602435 4.04E-05 HM626173.1 86.71 Oscillibacter sp.  
343.  29118 0.00024902 0.000180814 AF481229.1 86.67 Prevotella sp.  
344.  1950 0.000309937 8.51E-05 HM626173.1 86.67 Oscillibacter sp. 
345.  2083 0.000144832 4.31E-05 EU281854.1 86.65 Eubacterium sp. 
346.  38565 0.000561517 4.47E-05 AB490809.1 86.63 Catabacter sp.  
347.  31302 0.000607841 0.000497971 AB093546.1 86.60 Clostridium sp.  
348.  30966 0.000351596 0.000294211 AF357573.1 86.60 mpn-isolate group 25 
349.  30734 0.000205962 0.000145756 AF218619.1 86.60 revotella ruminicola 
350.  108 0.000300087 0.000258133 EU281854.1 86.60 Eubacterium sp. 
351.  1119 0.000722025 0.000123941 HM626173.1 86.59 Oscillibacter sp.  
352.  99 0.001908002 0.00121504 AJ011683.1 86.57 Prevotella albensis 
353.  277 0.001159518 0.000298568 CP000885.1 86.56 Clostridium phytofermentans  
354.  16495 0.000180502 8.63E-05 DQ833400.1 86.54 Sphaerochaeta sp. 
355.  5 0.042334012 0.003481851 EU281854.1 86.53 Eubacterium sp. 
356.  142 0.000927239 0.00089508 NC_010001.1 86.53 Clostridium phytofermentans  
357.  6351 0.000304414 0.000105352 EU815224.1 86.53 Clostridium sp. 
358.  1770 0.000271857 0.000210704 EU281854.1 86.50 Eubacterium sp. 
359.  666 0.000848771 0.000530094 EU281854.1 86.49 Eubacterium sp.  
360.  35049 0.000487441 0.000105419 EU281854.1 86.49 Eubacterium sp. 
361.  17909 0.000560406 0.000191618 ACQH01000158.1 86.48 Prevotella sp.  
362.  914 0.001240647 0.000596639 GU470898.1 86.48 Prevotella denticola  
363.  772 0.001259843 0.000123941 HM626173.1 86.46 Oscillibacter sp.  
364.  5065 0.000396523 4.04E-05 AB547643.1 86.46 Bacteroides graminisolvens 
365.  4931 0.000543496 0.000384901 HM626173.1 86.44 Oscillibacter sp. 
366.  520 0.000130446 4.31E-05 EU281854.1 86.44 Eubacterium sp. 
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367.  400 0.000249668 0.00012667 AY949857.1 86.44 Clostridium sp. 
368.  20298 0.000239171 0.000105419 AB501166.1 86.43 Prevotella sp. 
369.  1130 0.000920711 0.00035541 FJ808608.1 86.42 Clostridium sp. 
370.  193 0.00200208 0.001463929 EU281854.1 86.42 Eubacterium sp. 
371.  562 0.00050825 0.000375182 AB490809.1 86.40 Catabacter sp. 
372.  5013 0.000698811 0.000329299 AF030448.1 86.40 Ruminococcus flavefaciens 
373.  40131 0.000877867 0.000105352 AB093546.1 86.39 Clostridium sp. 
374.  11171 0.000203128 0.000193216 EU158190.1 86.33 Clostridium sp. 
375.  1358 0.000869043 0.000788464 AF357573.1 86.32 mpn-isolate group 25 
376.  12496 0.000433158 0.000105352 EU281854.1 86.32 Eubacterium sp. 
377.  1679 0.000257043 0.000235284 NZ_AAYH02000049.1 86.32 Bacteroides uniformis  
378.  33146 0.000275492 4.47E-05 EU281854.1 86.29 Eubacterium sp. 
379.  124 0.000638482 0.000278351 EU281854.1 86.29 Eubacterium sp. 
380.  34680 0.014882783 0.001308337 EU281854.1 86.29 Eubacterium sp. 
381.  128 0.000260091 0.000130997 EU815224.1 86.25 Clostridium sp. 
382.  28577 0.000444495 0.000145823 AB547698.1 86.25 Prevotella oralis ATCC 33269 
383.  9092 0.000233559 0.000134192 AB490809.1 86.24 Catabacter sp.  
384.  21784 0.000101564 4.31E-05 AJ515915.1 86.22 Ruminococcus sp. 
385.  783 0.000426688 8.35E-05 DQ925472.1 86.17 Howardella ureilytica 
386.  626 0.001278456 0.000796605 AB093546.1 86.14 Clostridium sp. 
387.  26190 0.000678315 0.000188956 AF357573.1 86.14 mpn-isolate group 25 
388.  1250 0.001022489 0.000321484 AF357573.1 86.14 mpn-isolate group 25 
389.  22829 0.000427112 0.000265949 AY949857.1 86.10 Clostridium sp. 
390.  31335 0.000509321 0.000105419 AF357573.1 86.07 mpn-isolate group 25 
391.  8579 0.000393689 0.000288895 AF357573.1 86.07 mpn-isolate group 25 
392.  906 0.001225506 0.000765072 DQ833400.1 86.05 Sphaerochaeta sp. 
393.  2067 0.001213998 0.000429631 EU281854.1 86.03 Eubacterium sp 
394.  224 0.000483441 0.000183543 AY949857.1 86.01 Clostridium sp. 
395.  3224 8.70E-05 4.47E-05 EU281854.1 86.01 Eubacterium sp. 
396.  78 0.001036648 0.000341701 AB537982.1 86.01 Hydrogenoanaerobacterium sp. 
397.  38041 0.000343205 0.000148552 EU281854.1 86.00 Eubacterium sp. 
398.  37058 0.000325334 0.000132595 EU281854.1 86.00 Eubacterium sp.  
399.  8914 0.000487814 0.000105419 EU281854.1 86.00 Eubacterium sp. 
400.  3623 0.000806797 0.000226676 HM626173.1 85.98 Oscillibacter sp.  
401.  1505 0.000188528 8.63E-05 AB537982.1 85.98 Hydrogenoanaerobacterium sp. 
402.  2152 0.000281852 0.00012667 NR_025670.1 85.98 Bacteroides capillosus 
403.  610 0.001692084 0.000840138 AB547671.1 85.97 Prevotella baroniae 
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404.  10990 0.000770313 0.000237947 AB093546.1 85.96 Clostridium sp.  
405.  738 0.000996865 0.000518188 AF357573.1 85.93 mpn-isolate group 25 
406.  3472 0.00013702 0.00012667 HM626173.1 85.92 Oscillibacter sp. 
407.  6192 0.000157456 8.95E-05 EU281854.1 85.92 Eubacterium 
408.  1500 0.000261854 4.47E-05 AB501155.1 85.91 Prevotella sp.  
409.  744 0.000344221 0.000272493 AY949857.1 85.89 Clostridium sp.  
410.  32708 4.35E-05 4.31E-05 AF357573.1 85.89 mpn-isolate group 25 
411.  2294 0.000191362 0.000190553 AJ318889.1 85.89 Ruminococcus sp. 
412.  1228 0.000526923 0.000150083 AJ318889.1 85.89 Ruminococcus sp. 
413.  1964 0.00256854 0.001124098 FJ808602.1 85.86 Clostridium sp. 
414.  15386 0.000484984 8.95E-05 X81125.1 85.86 Clostridium viride 
415.  26 0.008771682 0.001344899 EU281854.1 85.83 Eubacterium sp. 
416.  710 0.00043257 0.000418182 AY949859.1 85.83 Clostridium sp. 
417.  6169 0.000568952 4.31E-05 EU281854.1 85.83 Eubacterium sp. 
418.  928 0.000264632 0.000148552 DQ882650.1 85.82 Ruminococcus sp.  
419.  26108 0.000173127 4.47E-05 EU281854.1 85.77 Eubacterium sp. 
420.  13027 0.000236183 4.04E-05 DQ065758.1 85.71 Treponema zioleckii  
421.  742 0.000381439 0.000288895 HM626173.1 85.69 Oscillibacter sp.  
422.  2979 0.000378665 4.31E-05 EU158190.1 85.66 Clostridium sp.  
423.  1362 0.000449958 4.47E-05 AB238598.1 85.63 Oscillibacter valericigenes 
424.  24779 0.000282653 0.000123941 AF537212.1 85.63 Prevotella sp. 
425.  4332 0.00023442 4.47E-05 AF044945.1 85.63 Eubacterium sp. 
426.  32703 0.001763333 0.000939745 AF357573.1 85.61 mpn-isolate group 25 
427.  861 0.001353178 0.000999316 AB093546.1 85.61 Clostridium sp. 
428.  27366 0.000188314 8.08E-05 AJ229248.1 85.61 Clostridium sp. 
429.  6395 6.09E-05 4.47E-05 AF357573.1 85.61 mpn-isolate group 25 
430.  1454 0.000687366 0.00056465 EU281854.1 85.60 Eubacterium sp. 
431.  31629 0.000320583 0.000229871 EU281854.1 85.60 Eubacterium sp.  
432.  2561 0.000147456 4.31E-05 GQ461730.1 85.60 Eubacterium sp. 
433.  41832 0.000499699 0.000278351 AF357573.1 85.57 mpn-isolate group 25 
434.  118 0.003838102 0.000397965 EU281854.1 85.57 Eubacterium sp. 
435.  2021 0.001032543 0.000456435 HM626173.1 85.54 Oscillibacter sp. 
436.  677 0.000361878 0.000183543 ACRB01000001.1 85.54 Prevotella buccae  
437.  1261 0.000226184 0.000193216 FJ940875.1 85.54 Prevotella baroniae 
438.  19021 0.000203128 8.35E-05 AF357573.1 85.54 mpn-isolate group 25 
439.  13431 0.000457393 0.000330897 L35515.1 85.44 Acetivibrio cellulolyticus 
440.  1094 0.000372301 0.000256536 AB093546.1 85.43 Clostridium sp. 
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441.  7545 0.000188314 0.000145823 AB093546.1 85.43 Clostridium sp. 
442.  27268 0.000239021 0.000190553 FJ808608.1 85.43 Clostridium sp. 
443.  760 0.000837507 0.000714666 AB238598.1 85.39 Oscillibacter valericigenes 
444.  31052 0.000101564 8.08E-05 AF357573.1 85.39 mpn-isolate group 25 
445.  26509 0.000145046 4.31E-05 AB510707.1 85.37 Bacteroides salyersiae 
446.  5725 0.000763032 0.000470102 HM626173.1 85.34 Oscillibacter sp.  
447.  1371 0.000495203 0.00017413 EU281854.1 85.32 Eubacterium sp. 
448.  40807 0.000205748 4.04E-05 EU281854.1 85.31 Eubacterium sp. 
449.  1180 0.000509111 0.000321224 AF357573.1 85.29 mpn-isolate group 25 
450.  9882 0.000404066 0.000150149 EU281854.1 85.25 Eubacterium sp. 
451.  38326 0.000395872 0.00037678 EU281854.1 85.25 Eubacterium sp. 
452.  3683 0.000432948 0.000376713 AB491208.1 85.22 Clostridium sp. 
453.  2098 0.000396687 0.00025397 EU281854.1 85.22 Eubacterium sp.  
454.  3422 0.000528462 8.79E-05 EU281854.1 85.19 Eubacterium sp. 
455.  2913 0.00012221 4.31E-05 EU281854.1 85.19 Eubacterium sp. 
456.  7708 7.61E-05 4.47E-05 EU281854.1 85.17 Eubacterium sp. 
457.  1425 0.000716566 8.51E-05 NZ_ACEC01000059.1 85.14 Clostridium methylpentosum  
458.  1070 0.0002849 0.000183543 AF031479.1 85.13 Acholeplasma vituli 
459.  6826 0.000387489 0.000210704 AB537982.1 85.11 Hydrogenoanaerobacterium sp. 
460.  25147 0.000297099 4.47E-05 DQ833401.1 85.09 Sphaerochaeta sp. 
461.  34709 0.000408812 0.000145756 AJ318889.1 85.07 Ruminococcus sp.  
462.  2775 7.61E-05 4.47E-05 AJ318889.1 85.04 Ruminococcus sp. 
463.  34154 6.09E-05 4.47E-05 HM626173.1 85.02 Oscillibacter sp. 
464.  27917 0.00023442 0.000228274 FJ940876.1 85.02 Prevotella baroniae 
465.  5548 0.000180502 8.95E-05 AB490809.1 84.99 Catabacter sp. 
466.  529 0.002784753 0.001014532 AB510704.1 84.99 Bacteroides nordii 
467.  1435 0.000394276 0.000148485 AB510696.1 84.98 Bacteroides acidifaciens  
468.  14008 0.000264632 0.000232022 AB490809.1 84.98 Catabacter sp. 
469.  660 0.000500497 0.000105419 EU281854.1 84.96 Eubacterium sp. 
470.  582 0.001669791 0.000634943 EU281854.1 84.94 Eubacterium sp.  
471.  14357 0.000198373 0.000128268 AB238598.1 84.91 Oscillibacter valericigenes 
472.  81 0.002443226 0.001860018 EU281854.1 84.90 Eubacterium sp. 
473.  137 0.00218725 0.001270226 EU281854.1 84.89 Eubacterium sp. 
474.  732 0.003047361 0.000905428 DQ833400.1 84.88 Sphaerochaeta sp. 
475.  981 0.000353145 4.04E-05 EU281854.1 84.88 Eubacterium sp.  
476.  6300 0.000198373 0.000183543 HM626173.1 84.87 Oscillibacter sp. 
477.  5874 0.000198313 8.95E-05 AY960572.1 84.87 Clostridium sp. 
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478.  776 0.00101881 0.000772758 AB490809.1 84.86 Catabacter sp. 
479.  16756 0.000567189 4.47E-05 DQ882650.1 84.83 Ruminococcus sp. 
480.  8836 0.00045563 0.000188889 EU281854.1 84.79 Eubacterium sp. 
481.  36435 0.000338819 0.000230891 GU968170.1 84.76 Clostridium orbiscindens 
482.  31849 0.000510166 4.04E-05 NC_009012.1 84.75 Clostridium thermocellum 
483.  88 0.002472591 0.002285341 EF575560.1 84.75 Devosia sp. 
484.  213 0.001745308 0.001491187 HM626173.1 84.73 Oscillibacter sp. 
485.  31135 0.000748129 0.000629464 AJ229248.1 84.69 Clostridium sp.  
486.  16937 0.000619646 0.000350324 DQ833399.1 84.69 Sphaerochaeta sp. 
487.  502 0.002228755 0.000965716 AB547651.1 84.69 Paraprevotella clara  
488.  13471 0.000213123 8.95E-05 EU281854.1 84.68 Eubacterium sp. 
489.  18144 0.000155693 0.000150083 AJ229249.1 84.66 Clostridium 
490.  19423 0.000198313 0.000150083 EU815224.1 84.65 Clostridium sp. 
491.  1431 0.000558683 0.000375627 AB490809.1 84.65 Catabacter sp. 
492.  13490 0.000195689 0.000148552 AY574991.1 84.65 Catabacter hongkongensis 
493.  3958 0.000514299 0.000134192 AB547643.1 84.65 Bacteroides graminisolvens 
494.  13472 0.000208796 8.63E-05 EU281854.1 84.63 Eubacterium sp. 
495.  4475 0.000281856 0.000129865 EU281854.1 84.62 Eubacterium sp. 
496.  2014 0.000844174 0.000606022 AB207248.1 84.62 Clostridium sp.  
497.  6109 0.000190938 0.000185141 X98011.1 84.62 Anaerofilum agile 
498.  779 0.000414061 0.000264351 EU281854.1 84.60 Eubacterium sp. 
499.  990 0.000955584 0.000707077 NZ_ABGD02000021.1 84.60 Anaerotruncus colihominis  
500.  4671 0.000351382 4.04E-05 AJ318889.1 84.60 Ruminococcus sp. 
501.  12755 6.87E-05 4.47E-05 EU281854.1 84.58 Eubacterium sp. 
502.  92 0.001014527 0.00017413 NR_025025.1 84.58 Papillibacter cinnamivorans  
503.  1363 0.001530889 4.04E-05 AJ318889.1 84.58 Ruminococcus sp.  
504.  27592 0.000671591 0.000338972 EU281854.1 84.57 Eubacterium sp.  
505.  801 0.000467979 0.000500473 Y11466.1 84.54 Holdemania filiformis 
506.  8279 0.000391442 8.08E-05 HM626173.1 84.50 Oscillibacter sp. 
507.  28976 0.000180502 8.63E-05 EU281854.1 84.49 Eubacterium sp. 
508.  28 0.005052581 0.004015574 EU281854.1 84.48 Eubacterium sp. 
509.  217 0.004881595 0.001076611 DQ833401.1 84.46 Sphaerochaeta sp. 
510.  799 0.000469519 0.000551422 AB547688.1 84.43 Prevotella loescheii 
511.  3322 0.001128063 0.000484728 EU281854.1 84.40 Eubacterium sp.  
512.  18442 0.00024442 4.31E-05 EU281854.1 84.38 Eubacterium sp.  
513.  5733 0.000516276 8.79E-05 EU281854.1 84.37 Eubacterium sp. 
514.  2822 0.000147456 8.51E-05 NR_025670.1 84.37 Bacteroides capillosus 
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515.  35309 0.000147456 0.000121212 EU281854.1 84.37 Eubacterium sp. 
516.  27525 0.00047258 0.000123941 EU281854.1 84.37 Eubacterium sp. 
517.  1622 0.000310584 0.000121212 EU281854.1 84.35 Eubacterium sp. 
518.  18497 7.61E-05 4.04E-05 AJ318889.1 84.33 Ruminococcus sp. 
519.  1722 0.000223396 0.000105419 EU281854.1 84.33 Eubacterium sp. 
520.  24950 6.87E-05 4.31E-05 AJ318889.1 84.33 Ruminococcus sp. 
521.  13813 0.000101564 4.04E-05 AF030452.1 84.29 Ruminococcus albus 
522.  23025 0.00013702 8.08E-05 ACRB01000001.1 84.26 Prevotella buccae 
523.  72 0.002867613 0.002128373 GU561343.1 84.24 Prevotella sp. 
524.  731 0.000933175 0.000595738 AJ629069.1 84.22 Eubacterium sp. 
525.  1688 0.000956008 0.000340073 ABCA03000054.1 84.20 Eubacterium siraeum 
526.  10932 0.000152207 0.000132595 EU281854.1 84.18 Eubacterium 
527.  3009 0.000119586 8.95E-05 EU281854.1 84.18 Eubacterium sp. 
528.  674 0.000302502 0.000168672 CP002028.1 84.16 Thermincola potens 
529.  474 0.002120924 0.00192486 HM626173.1 84.15 Oscillibacter sp.  
530.  3205 0.000264418 0.000171401 AB331897.1 84.11 Paraprevotella xylaniphila 
531.  7568 0.000302712 0.000188956 EU281854.1 84.09 Eubacterium sp. 
532.  8877 0.000464494 0.000239544 AJ318889.1 84.08 Ruminococcus sp. 
533.  25368 0.000353204 8.51E-05 EU281854.1 83.97 Eubacterium sp.  
534.  304 0.000317521 0.000150149 Y18181.1 83.95 Clostridium methylpentosum 
535.  445 0.000784389 0.000651754 EU281854.1 83.93 Eubacterium sp. 
536.  29930 0.000391442 0.000150149 AB377121.1 83.92 Poriferibacter numazuense  
537.  1833 0.000233559 4.47E-05 EU281854.1 83.88 Eubacterium sp. 
538.  16044 0.000473806 4.47E-05 DQ882650.1 83.87 Ruminococcus sp. 
539.  1258 0.000738935 0.000337344 AJ006457.1 83.86 Prevotella bryantii  
540.  1436 0.000293514 0.000125539 ACOP02000011.1 83.86 Faecalibacterium prausnitzii 
541.  13 0.020245294 0.006464733 EU281854.1 83.84 Eubacterium sp. 
542.  441 0.000450168 8.79E-05 NR_025670.1 83.83 Bacteroides capillosus 
543.  227 0.00113127 0.000259265 EU281854.1 83.81 Eubacterium sp.  
544.  42484 0.000364065 0.00021077 EU281854.1 83.81 Eubacterium sp.  
545.  1462 0.000203128 0.000190487 AJ229249.1 83.79 Clostridium sp. 
546.  617 0.000520813 0.000363086 CP002084.1 83.79 Dehalogenimonas lykanthroporepellens 
547.  6791 0.000177668 8.63E-05 AJ431235.1 83.78 Cytophaga sp. 
548.  26396 0.00025902 0.00014041 EU281854.1 83.76 Eubacterium sp.  
549.  2628 0.00138553 0.000490734 NC_009012.1 83.73 Clostridium thermocellum  
550.  11256 0.000537132 4.31E-05 EU281854.1 83.73 Eubacterium sp.  
551.  14814 0.000302288 0.00014041 AB238925.1 83.65 Parabacteroides distasonis 
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552.  19217 0.000299663 0.000251174 AB547643.1 83.64 Bacteroides graminisolvens 
553.  1874 0.000152207 8.51E-05 AB490809.1 83.64 Catabacter sp. 
554.  28820 0.000966444 0.000245762 GQ304751.1 83.62 Verrucomicrobium sp.  
555.  442 8.70E-05 4.47E-05 AJ318889.1 83.62 Ruminococcus sp. 
556.  41843 0.000645497 4.31E-05 EU281854.1 83.60 Eubacterium sp. 
557.  805 0.000355769 0.000216132 EU281854.1 83.60 Eubacterium sp. 
558.  1582 0.000325338 4.31E-05 ACPW01000017.1 83.60 Parabacteroides sp. 
559.  1712 0.000348174 4.31E-05 AJ318889.1 83.58 Ruminococcus sp.  
560.  4346 0.000342982 4.47E-05 NZ_ABCB02000019.1 83.58 Clostridium leptum 
561.  21794 0.000421496 0.00032428 AB491207.1 83.58 Clostridium sp. 
562.  105 0.010382747 0.005164419 EU281854.1 83.57 Eubacterium sp. 
563.  27537 0.000145046 0.000130997 X70955.1 83.52 Pelobacter acetylenicus 
564.  301 0.000751331 0.000343298 NZ_ABCA03000054.1 83.51 Eubacterium siraeum  
565.  942 0.000361441 8.51E-05 AB260025.1 83.50 Bacteroides coprophilus  
566.  1585 0.000360794 0.000317224 AF069496.1 83.48 Candidatus Odyssella thessalonicensis  
567.  212 0.00034796 8.63E-05 AB253727.1 83.47 Bacteroides barnesiae  
568.  15033 0.00024442 0.000175728 CP002028.1 83.37 Thermincola potens 
569.  9288 0.002387697 0.002310748 AY800103.1 83.37 Spirochaeta sp. 
570.  771 8.70E-05 4.47E-05 GQ140629.1 83.37 Alistipes sp. 
571.  18032 0.00020056 0.000194813 AJ318889.1 83.37 Ruminococcus sp. 
572.  2157 0.000165314 8.35E-05 AJ318889.1 83.33 Ruminococcus sp. 
573.  398 0.001797613 0.001240818 AJ318889.1 83.33 Ruminococcus sp.  
574.  13932 0.000269289 0.000105352 DQ196621.2 83.33 Clostridium sp. 
575.  2394 0.001290701 0.000605444 EU281854.1 83.27 Eubacterium sp. 
576.  1976 0.00013702 8.79E-05 EU281854.1 83.23 Eubacterium sp. 
577.  1166 0.00022115 0.000128268 EU281854.1 83.20 Eubacterium sp. 
578.  3830 0.000277902 0.000180814 AY574991.1 83.20 Catabacter hongkongensis 
579.  36842 0.000964895 4.31E-05 EU281854.1 83.17 Eubacterium sp.  
580.  36589 0.00049124 0.000129865 EU281854.1 83.16 Eubacterium sp. 
581.  66 0.007064946 0.001497928 EU281854.1 83.16 Eubacterium sp. 
582.  8479 0.000689776 0.000251241 EU281854.1 83.16 Eubacterium sp. 
583.  10 0.000226184 0.00014041 EU281854.1 83.16 Eubacterium sp. 
584.  7834 0.000599601 0.000105419 EU281854.1 83.16 Eubacterium sp. 
585.  397 0.00069138 8.35E-05 Y11466.1 83.14 Holdemania filiformis  
586.  6007 0.000259289 4.04E-05 HM626173.1 83.13 Oscillibacter sp. 
587.  4225 4.35E-05 4.04E-05 ACIB01000079.1 83.13 Bacteroides sp. 
588.  422 0.000699021 0.000132595 EU281854.1 83.10 Eubacterium sp.  
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589.  29359 0.000165692 0.000145823 EU281854.1 83.07 Eubacterium sp. 
590.  417 0.001539991 0.00069813 EU281854.1 83.06 Eubacterium sp.  
591.  18079 0.000660521 8.95E-05 EU057606.1 83.06 Clostridium sp. 
592.  624 0.000407487 4.31E-05 AY367006.1 83.03 Ruminococcus sp.  
593.  19315 6.09E-05 4.31E-05 AB260026.1 83.01 Bacteroides coprophilus 
594.  1109 0.000685026 0.000665742 AY949858.1 82.99 Clostridium sp.  
595.  1572 0.000742083 0.000269764 L09177.1 82.99 Clostridium cellulosi 
596.  1634 0.000366196 0.000105352 EU815224.1 82.95 Clostridium sp. 
597.  37278 7.87E-05 4.31E-05 AY239469.1 82.93 Enterococcus sp. 
598.  1128 0.000226608 4.47E-05 AY949857.1 82.93 Clostridium sp.  
599.  35050 6.87E-05 4.31E-05 AB238922.1 82.90 Parabacteroides distasonis 
600.  1101 0.001307453 0.000275621 NR_026204.1 82.89 Clostridium viride  
601.  7420 0.000853586 0.000245829 FJ808608.1 82.84 Clostridium sp.  
602.  225 0.001086814 0.000380477 AY445592.1 82.84 Ruminococcus albus 
603.  15335 0.000154831 4.47E-05 Z49863.1 82.84 Sporobacter termitidis 
604.  1889 0.000209174 4.31E-05 AY949857.1 82.78 Clostridium sp. 
605.  2065 0.000299937 4.47E-05 EU281854.1 82.77 Eubacterium sp. 
606.  28992 0.000215747 0.000185141 EU281854.1 82.77 Eubacterium sp.  
607.  3905 0.000259667 0.000210837 DQ517535.1 82.76 Anaerophaga sp. 
608.  14423 0.000882798 0.000193216 EU281854.1 82.74 Eubacterium sp. 
609.  1021 0.000152207 4.31E-05 NZ_ACBY01000115.1 82.74 Subdoligranulum variabile 
610.  6703 0.000137457 8.51E-05 HM626173.1 82.74 Oscillibacter sp. 
611.  748 0.001289741 0.000887183 AB443949.1 82.70 Butyricimonas virosa  
612.  11469 6.87E-05 4.47E-05 AJ565434.1 82.69 Spirochaeta sp. 
613.  840 0.001880304 0.001708007 AB547649.1 82.67 Odoribacter splanchnicus 
614.  1589 0.000430324 0.000145756 NZ_ABCA03000054.1 82.66 Eubacterium siraeum 
615.  37803 7.87E-05 4.47E-05 X71856.1 82.66 Clostridium cellobioparum 
616.  1654 0.000449958 0.000134192 NZ_ABCA03000043.1 82.66 Eubacterium siraeum 
617.  4518 0.000604097 0.000470035 X81125.1 82.64 Clostridium viride  
618.  1178 0.000147456 4.04E-05 AB490809.1 82.64 Catabacter 
619.  30427 0.000112211 4.04E-05 EU281854.1 82.63 Eubacterium sp. 
620.  33747 0.00050825 0.000150083 AY239469.1 82.63 Enterococcus sp. 
621.  752 0.000369253 4.47E-05 HM626173.1 82.62 Oscillibacter sp. 
622.  19897 0.000226608 4.04E-05 AJ318889.1 82.58 Ruminococcus sp. 
623.  19018 0.000226184 0.000150149 DQ882649.1 82.57 Ruminococcus bromii 
624.  1551 0.000343643 8.51E-05 DQ448747.1 82.56 Bacillus sp.  
625.  40433 0.000620898 0.000552181 EU281854.1 82.55 Eubacterium sp. 
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626.  30201 0.000256395 4.31E-05 AF227834.1 82.53 str. 31285 
627.  1382 0.00044097 8.35E-05 AY949859.1 82.53 Clostridium sp. 
628.  27912 0.000660671 0.000150083 EU281854.1 82.52 Eubacterium sp.  
629.  236 0.001225887 0.000480979 NZ_ABCA03000054.1 82.49 Eubacterium siraeum  
630.  1627 0.00158711 0.000510113 AB305640.1 82.48 Prosthecobacter sp. 
631.  2559 0.000231796 0.00021077 AJ270469.2 82.46 Faecalibacterium prausnitzii 
632.  9545 0.000152207 0.00012667 NC_009012.1 82.37 Clostridium thermocellum 
633.  20253 6.09E-05 4.31E-05 AB260026.1 82.32 Bacteroides coprophilus 
634.  11843 0.000299663 4.31E-05 AB247142.1 82.31 Bacteroides uniformis 
635.  13272 0.000241795 4.31E-05 EU281854.1 82.31 Eubacterium sp. 
636.  19201 0.000231209 0.000174596 AB247144.1 82.29 Bacteroides uniformis 
637.  263 0.000521888 0.000165943 AJ311394.1 82.28 Acholeplasma axanthum 
638.  155 0.000673354 0.000602697 AB253729.1 82.26 Bacteroides barnesiae  
639.  8020 0.000152207 0.00014041 AB034200.1 82.25 Erysipelothrix rhusiopathiae 
640.  15244 0.0003079 0.000194813 U51843.1 82.24 Clostridium chauvoei 
641.  7785 0.000328819 8.79E-05 AB490809.1 82.19 Catabacter sp. 
642.  965 0.000737636 4.47E-05 AB510704.1 82.16 Bacteroides nordii  
643.  34502 0.001175244 0.000695514 EU728709.1 82.15 Odoribacter splanchnicus 
644.  38988 0.000376478 0.000183543 EU281854.1 82.15 Eubacterium sp. 
645.  24089 0.000365875 4.47E-05 AF286862.1 82.13 Clostridium thermopalmarium  
646.  1931 0.000215747 8.63E-05 AY239469.1 82.13 Enterococcus sp.  
647.  24477 0.000121832 4.04E-05 HM756303.1 82.05 Clostridium thermopalmarium 
648.  12485 0.000183126 4.04E-05 AJ318889.1 82.02 Ruminococcus sp. 
649.  10898 0.000391498 4.47E-05 EU281854.1 82.00 Eubacterium sp. 
650.  1118 0.000988792 0.000233686 EU281854.1 81.98 Eubacterium sp.  
651.  34643 0.00054232 0.00023362 EU281854.1 81.96 Eubacterium sp. 
652.  2446 0.000231209 4.31E-05 L16482.1 81.96 Prevotella ruminicola 
653.  1746 0.000101564 8.63E-05 DQ882649.1 81.95 Ruminococcus bromii 
654.  7921 0.000304692 0.000193216 NZ_ABJL02000007.1 81.95 Bacteroides intestinalis 
655.  1333 0.000271793 0.000221218 AY949859.1 81.95 Clostridium sp. 
656.  15298 0.002491723 0.001783994 AF286862.1 81.89 Clostridium thermopalmarium 
657.  671 0.004659431 4.04E-05 EU057606.1 81.87 Clostridium sp. 
658.  1670 0.000551732 0.000509094 AB490809.1 81.86 Catabacter sp.  
659.  25448 0.000139644 8.08E-05 GQ344411.1 81.85 Sporolactobacillaceae 
660.  10559 0.000481464 0.000194813 EU281854.1 81.85 Eubacterium sp. 
661.  1137 0.000190561 0.000121212 ACEC01000059.1 81.84 Clostridium methylpentosum 
662.  10156 0.00022356 0.000167074 NZ_ABVO01000045.1 81.78 Bacteroides eggerthii 
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663.  322 0.000180502 4.31E-05 AM980879.1 81.76 Hevizibacter sp. 
664.  3 0.001940156 0.000837847 AY487928.1 81.75 Acetanaerobacterium elongatum 
665.  70 0.001924167 0.000841012 AB260027.1 81.73 Bacteroides sp.  
666.  17934 0.002269836 0.001005303 EU728709.1 81.71 Odoribacter splanchnicus  
667.  1002 0.000340204 0.000251241 AY538170.1 81.67 Acholeplasma parvum 
668.  35452 0.000394714 0.000273005 AB443949.1 81.65 Butyricimonas virosa  
669.  1370 0.000865998 0.000105419 EU281854.1 81.65 Eubacterium sp. 
670.  23843 0.001301884 0.001044128 HM756303.1 81.64 Clostridium thermopalmarium 
671.  966 6.09E-05 4.47E-05 AB078046.1 81.61 Flexibacter canadensis 
672.  14989 0.002445566 0.001115452 AB470962.1 81.59 Clostridium sp. 
673.  758 0.000810854 0.000518767 AF069496.1 81.56 Candidatus Odyssella thessalonicensis  
674.  29183 0.000353419 4.31E-05 AB547708.1 81.55 Tannerella forsythia 
675.  427 0.000468841 8.95E-05 AY239469.1 81.53 Enterococcus sp. 
676.  21120 0.001129134 0.000799979 AF286862.1 81.48 Clostridium thermopalmarium 
677.  39442 0.000165692 0.00014041 AB443949.1 81.45 Butyricimonas virosa 
678.  116 0.001386283 0.001344541 X82144.1 81.45 Pseudoalteromonas luteoviolacea 
679.  589 0.001131912 0.000650916 EU728796.1 81.43 Ruminococcus sp. 
680.  1767 0.001329857 0.001145036 AB305640.1 81.40 Prosthecobacter sp. 
681.  1427 0.00061194 0.000377778 AB490809.1 81.39 Catabacter sp.  
682.  29691 0.000462731 4.47E-05 AY239469.1 81.36 Enterococcus sp. 
683.  198 0.002423845 8.51E-05 AB510704.1 81.36 Bacteroides nordii 
684.  9716 0.000297099 4.31E-05 NC_009012.1 81.33 Clostridium thermocellum 
685.  31278 0.000534508 0.000399659 AY548778.1 81.33 Desulfotomaculum sp. 
686.  18414 0.001053678 0.000567312 AY049713.1 81.30 Victivallis vadensis  
687.  523 0.001793471 0.001422172 AB443949.1 81.25 Butyricimonas virosa  
688.  2038 0.000104398 8.08E-05 EF491666.1 81.22 Spiroplasma sp. 
689.  14334 0.000241855 4.04E-05 EU281854.1 81.21 Eubacterium sp.  
690.  5355 0.000195689 0.000145823 FJ808605.1 81.19 Clostridium sp. 
691.  18170 0.000200938 0.000194813 X80789.1 81.15 Desulfotomaculum geothermicum 
692.  10518 0.00034796 4.47E-05 DQ178248.1 81.09 Ruminobacillus xylanolyticum 
693.  22055 0.000643297 0.00022936 AF349724.1 81.06 Turicibacter sanguinis 
694.  2011 0.000206186 4.47E-05 AY574991.1 81.06 Catabacter hongkongensis 
695.  10573 0.000292288 0.000150083 FM877978.1 81.05 Bacillus sp. 
696.  54 0.001794029 0.000574256 DQ889723.1 81.03 Pedobacter sp.  
697.  15011 6.87E-05 4.31E-05 AY331143.1 80.99 Mahella australiensis 
698.  22224 0.000165692 8.95E-05 GU322006.1 80.97 Macrococcus sp. 
699.  26351 0.000198313 8.08E-05 EF491666.1 80.96 Spiroplasma sp. 
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700.  1033 0.000381499 0.000148552 HM038000.1 80.94 Vampirovibrio chlorellavorus 
701.  659 0.004357702 0.001919863 AB547671.1 80.93 Prevotella baroniae 
702.  8118 0.000257043 0.000148552 CP002028.1 80.93 Thermincola potens  
703.  33529 0.000343359 4.31E-05 AF349724.1 80.82 Turicibacter sanguinis 
704.  37788 0.000411436 0.00014041 AY239469.1 80.76 Enterococcus sp. 
705.  846 0.000526485 0.00034243 AF073521.1 80.70 Aminobacterium mobile 
706.  5491 0.000398817 0.000105352 EU722736.1 80.69 Parabacteroides distasonis  
707.  1908 0.000484075 8.51E-05 DQ285072.1 80.68 Erythrobacter sp. 
708.  11677 0.000165314 8.51E-05 AB247142.1 80.67 Bacteroides uniformis 
709.  310 0.000163068 4.31E-05 AM980879.1 80.63 Hevizibacter sp. 
710.  7929 0.000444709 8.95E-05 DQ285072.1 80.58 Erythrobacter sp. 
711.  149 0.000424064 0.000409414 AJ311394.1 80.56 Acholeplasma axanthum 
712.  30140 0.00024902 0.000191685 AY189310.1 80.55 Spiroplasma turonicum  
713.  988 0.000371016 0.000228274 U41347.1 80.54 Capnocytophaga granulosa 
714.  1331 0.00064373 0.000265949 AF349724.1 80.52 Turicibacter sanguinis 
715.  26334 0.000840749 0.000230891 AJ311394.1 80.49 Acholeplasma axanthum 
716.  23755 0.000104398 8.79E-05 AJ431234.1 80.49 Cytophaga sp. 
717.  32293 0.000226231 4.47E-05 AF227834.1 80.48 str. 31285 
718.  927 0.000381015 0.000234751 AJ629069.1 80.43 Eubacterium sp.  
719.  2024 0.000794179 0.000684198 DQ285072.1 80.42 Erythrobacter sp. 
720.  14036 7.87E-05 4.04E-05 AY745820.1 80.42 Erythrobacter sp. 
721.  24379 0.000144832 0.000130997 DQ285072.1 80.42 Erythrobacter sp. 
722.  29790 0.000462791 8.35E-05 AB305640.1 80.42 Prosthecobacter sp. 
723.  8103 4.35E-05 4.04E-05 EF014452.1 80.33 Bacillus coahuilensis 
724.  825 6.87E-05 4.47E-05 AY189313.1 80.32 Spiroplasma sp. 
725.  9893 0.000233559 0.000105419 AB034201.1 80.32 Erysipelothrix tonsillarum 
726.  573 0.000467979 0.000567379 AB015937.2 80.24 Microscilla sp. 
727.  17437 0.000863696 0.000512037 DQ285072.1 80.21 Erythrobacter sp. 
728.  2433 0.000121832 8.35E-05 HM038000.1 80.17 Vampirovibrio chlorellavoru 
729.  16712 0.00101511 0.000592585 DQ285071.1 80.16 Erythrobacter sp.  
730.  17816 0.000223774 0.00017413 DQ285071.1 80.16 Erythrobacter sp. 
731.  18074 0.000424981 0.00017413 DQ285072.1 80.16 Erythrobacter sp. 
732.  1536 0.000414061 8.35E-05 FJ527652.1 80.16 Bacillus panaciterrae 
733.  30564 0.000238584 0.000148552 GU470906.1 80.12 Prevotella oulorum  
734.  8383 0.000165692 0.000105352 GQ503321.1 80.12 Pontibacter korlensis 
735.  249 0.001431027 0.000123941 DQ285071.1 80.10 Erythrobacter sp. 
736.  851 0.001052439 0.000587433 EU722741.1 80.08 Bacteroides uniformis  
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737.  2246 0.000815502 0.000533029 ABED02000025.1 79.92 Faecalibacterium prausnitzii 
738.  17161 0.000267466 0.00022936 EF088329.1 79.91 Clostridium hveragerdense 
739.  26609 6.09E-05 4.47E-05 DQ285071.1 79.90 Erythrobacter sp. 
740.  38972 0.000732881 0.000214534 NZ_ABFX02000008.1 79.88 Clostridium ramosum 
741.  2307 0.000157456 8.63E-05 DQ889723.1 79.88 Pedobacter 
742.  17 0.002053014 0.00085382 AJ311394.1 79.84 Acholeplasma axanthum  
743.  480 0.002910003 0.002677616 AJ229235.1 79.83 Opitutus terrae 
744.  7271 0.000644098 8.63E-05 HM038000.1 79.74 Vampirovibrio chlorellavorus  
745.  31447 0.000170293 0.000130997 EU136681.1 79.72 Parabacteroides distason 
746.  4962 6.09E-05 4.04E-05 EF088329.1 79.65 Clostridium hveragerdense 
747.  20824 0.000137457 0.000105419 AB215084.1 79.64 Bacteroides uniformis 
748.  486 0.000724589 0.000637642 DQ285072.1 79.63 Erythrobacter sp.  
749.  7938 0.000370579 0.000266968 GU086365.1 79.63 Pseudorhodobacter sp. 
750.  3079 0.000170293 8.63E-05 AF349724.1 79.53 Turicibacter sanguinis 
751.  25554 0.000313148 4.31E-05 AB547688.1 79.48 Prevotella loescheii 
752.  74 0.010642842 0.016621454 ACLQ01000008.1 79.47 Capnocytophaga gingivalis 
753.  526 0.000378605 0.000309082 AJ431246.1 79.35 Dehalococcoides sp.  
754.  1972 6.09E-05 4.31E-05 DQ285071.1 79.32 Erythrobacter sp. 
755.  14508 4.35E-05 4.31E-05 AJ431235.1 79.32 Cytophaga sp. 
756.  691 0.000452368 0.000279482 AY989908.1 79.20 Pontibacter actiniorum 
757.  31086 0.000144832 8.08E-05 EU281854.1 79.20 Eubacterium sp. 
758.  359 0.000689249 0.000265949 AF349724.1 79.19 Turicibacter sanguinis 
759.  1026 4.35E-05 4.31E-05 HM038000.1 79.14 Vampirovibrio chlorellavorus 
760.  26974 7.87E-05 4.47E-05 GU339179.1 79.11 Caenispirillum sp. 
761.  1330 0.000157456 0.000123941 FN396961.1 79.11 Flexibacter 
762.  28958 0.000373203 8.08E-05 X99392.1 79.10 Opitutus sp. 
763.  13079 0.000213123 0.000175728 FN393747.1 79.07 Aquiflexum sp. 
764.  3697 0.000499052 0.000148552 AY959944.2 79.02 Clostridium alkalicellum 
765.  16799 0.000492355 0.000226676 AJ401208.1 79.00 Roseospira thiosulfatophila 
766.  1787 0.000137457 4.31E-05 AY989908.1 78.99 Pontibacter actiniorum 
767.  1864 0.000459733 0.000353301 GQ906581.1 78.99 Clostridium sp. 
768.  1088 0.001472867 0.0004711 AF039296.1 78.97 Flexithrix dorotheae 
769.  23282 0.000419523 4.47E-05 CP000027.1 78.92 Dehalococcoides ethenogenes 
770.  1120 0.000820626 0.00014041 AY989908.1 78.87 Pontibacter actiniorum  
771.  7776 0.000427335 4.31E-05 GQ503321.1 78.86 Pontibacter korlensis 
772.  8360 0.002305557 0.000644305 NZ_ACLQ01000011.1 78.85 Capnocytophaga gingivalis 
773.  329 7.61E-05 4.47E-05 GU470887.1 78.84 Prevotella sp. 
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774.  2070 0.000602225 4.04E-05 AY989908.1 78.78 Pontibacter actiniorum 
775.  2707 0.001575142 0.001048291 GQ503321.1 78.78 Pontibacter korlensis 
776.  985 0.000534144 0.000444457 DQ158002.1 78.73 Arthrobacter sp. 
777.  2151 0.000310524 4.31E-05 AB288293.1 78.73 Flexithrix dorotheae 
778.  7843 0.000223774 4.31E-05 GQ503321.1 78.66 Pontibacter korlensis  
779.  1010 0.000465355 0.000233686 AB359908.1 78.51 Limibacter armeniacum 
780.  2122 0.00033577 0.000145823 GQ503321.1 78.46 Pontibacter korlensis 
781.  17143 0.000205962 0.000150149 NR_025942.1 78.43 Wolinella succinogenes 
782.  9896 0.000927503 0.000238013 AB073189.1 78.39 Paenibacillus glucanolyticus  
783.  338 0.000952959 0.000210704 GQ503321.1 78.37 Pontibacter korlensis  
784.  235 0.000216609 0.000105419 AY989908.1 78.36 Pontibacter actiniorum 
785.  14052 0.000421933 0.000190487 EU583724.1 78.34 Pontibacillus sp. 
786.  911 0.000154831 0.000128268 GQ503321.1 78.31 Pontibacter korlensis 
787.  7971 7.87E-05 4.04E-05 AY989908.1 78.29 Pontibacter actiniorum 
788.  3268 0.000271857 0.000174596 GQ503321 78.25 Pontibacter korlensis 
789.  3385 0.000320146 0.000186227 AB359908.1 78.25 Limibacter armeniacum 
790.  18235 0.000180939 0.000130997 AJ431247.1 78.25 Dehalococcoides sp. 
791.  8822 0.000154831 0.000148485 AM406795.1 78.23 Echinicola vietnamensis 
792.  1096 0.00055677 4.31E-05 FN431788.1 78.18 Pontibacter korlensis 
793.  489 0.000809636 0.000466287 FN431788.1 78.18 Pontibacter korlensis 
794.  31250 0.000531086 0.000359159 DQ421387.1 78.14 Olivibacter itius  
795.  32582 0.00016248 0.00012667 AJ229235.1 78.02 Opitutus terrae 
796.  15747 0.000206186 0.00012667 FJ624356.1 77.96 Rhodopirellula sp. 
797.  10814 0.000180502 0.000129865 X99392.1 77.96 Opitutus sp. 
798.  12872 0.000375767 8.35E-05 GQ421846.1 77.89 Adhaeribacter sp.  
799.  590 0.00239038 0.000311811 AY989908.1 77.78 Pontibacter actiniorum 
800.  1245 0.000231796 4.31E-05 AB359908.1 77.69 Limibacter armeniacum 
801.  4826 0.00036903 0.000130997 DQ680836.1 77.55 Pedobacter koreensis 
802.  3601 0.000640351 0.000150083 AF380931.1 77.45 Gordonia namibiensis 
803.  11495 0.000277041 0.00021077 GQ503321.1 77.44 Pontibacter korlensis 
804.  7723 0.000543649 4.47E-05 HM135524.1 77.38 Pontibacter sp.  
805.  405 0.003185124 0.00168126 AB537981.1 77.34 Thermoanaerobacterium sp. 
806.  734 0.000264044 0.000165943 AB359907.1 77.24 Limibacter armeniacum 
807.  5241 0.000145046 0.000105352 AB536773.1 77.24 Clostridium pasteurianum 
808.  1788 0.00023442 0.000145823 GQ503321.1 77.24 Pontibacter korlensis  
809.  29760 0.000416839 0.000339038 GU168019.1 77.20 Roseomonas sp. 
810.  1914 0.001231075 0.000619792 GQ503321.1 77.14 Pontibacter korlensis  
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811.  4635 0.00044712 0.000145823 GQ503321.1 77.03 Pontibacter korlensis 
812.  35103 0.001283969 0.000551406 FJ800033.1 76.99 Sediminibacter sp. 
813.  18313 0.000597624 0.000130997 AJ431246.1 76.84 Dehalococcoides sp.  
814.  3331 0.00047017 8.35E-05 AB359907.1 76.83 Limibacter armeniacum 
815.  567 0.000173127 8.63E-05 FN431788.1 76.83 Pontibacter korlensis 
816.  3446 0.000284476 0.000226631 GU111567.2 76.82 Tessaracoccus sp. 
817.  14816 0.000236183 0.000174596 AJ431247.1 76.73 Dehalococcoides sp.  
818.  14809 0.000706623 8.63E-05 AB537981.1 76.69 Thermoanaerobacterium sp. 
819.  4793 0.000299877 0.000148552 GQ503321.1 76.58 Pontibacter korlensis 
820.  169 0.001222462 0.001575647 AJ431246.1 76.57 Dehalococcoides sp. 
821.  3177 0.000407547 0.000364617 AY739663.1 76.45 Marinicola seohaensis 
822.  667 0.000639557 0.00045095 Y18254.1 76.43 Geospirillium sp. 
823.  16808 0.000163068 8.63E-05 ABXZ01000004.1 76.20 Francisella novicida 
824.  2414 0.000239171 8.63E-05 FJ889677.1 76.17 Maribacter sp. 
825.  2974 0.000368666 0.00036092 FJ800033.1 76.02 Sediminibacter sp. 
826.  5003 0.00024923 0.00014041 FJ889677.1 76.01 Maribacter sp.  
827.  2727 0.001118711 0.000758946 AB073564.2 75.84 Cytophaga sp. 
828.  14651 0.000271857 0.000145823 M23930.1 75.84 Clostridium pasteurianum 
829.  1471 0.001181111 0.00021077 FJ800033.1 75.76 Sediminibacter sp.  
830.  5826 0.00058864 0.000281146 NC_009089.1 75.62 Clostridium difficile 
831.  886 0.000795774 0.000128268 GQ503321.1 75.41 Pontibacter korlensis 
832.  2176 0.000249668 4.47E-05 DQ421387.1 75.31 Olivibacter itius  
833.  874 0.000558789 0.000491354 CP002084.1 75.27 Dehalogenimonas lykanthroporepellens  
834.  14746 0.000325124 0.000105352 FJ158032.1 75.27 Clostridium sp.  
835.  9371 0.000319936 4.04E-05 FJ889677.1 75.20 Maribacter sp. 




Appendix E. List of 433 OTUs that statistically presence only in camels co-grazed with cattle (Cam_Co_M) with ANOVA analysis using false discovery rate (FDR) 
correction. OTUs were classified using data from the Ribosomal Database Project (RDP) and referenced data from the GenBank (BLAST) database. Closest  
relative and reference according to GenBank is listed along with its accession number and percent identity. # Reading value of 1 represent 100% composition, 
meanwhile E-05 represent value divide by 100,000. 
Number OTU Cam_alone_M Cat_co_M Cam_Co_M Classification Accession no. Similarity % Bacterium 
1.  140 0 0 0.003130048 Prevotella JF621930 99.20 uncultured bacterium 
2.  42395 0 0 0.023943963 Bacteroidetes JF663671 99.00 uncultured bacterium 
3.  
411 0 0 0.000636529 Lachnospiraceae HM104928 99.00 
uncultured Firmicutes 
bacterium 
4.  594 0 0 0.000400913 Lachnospiraceae JN803712 98.80 uncultured organism 
5.  
21984 0 0 0.000215981 Fibrobacter HM105476 98.50 
uncultured Fibrobacteres 
bacterium 
6.  200 0 0 0.000713571 Ruminococcaceae JF652266 98.30 uncultured bacterium 
7.  38354 0 0 0.000328965 Prevotella AF018513 98.30 unidentified rumen bacterium 
8.  1466 0 0 8.84E-05 Bacteroidales JF656361 98.10 uncultured bacterium 
9.  31096 0 0 0.002319037 Bacteroidetes JF663671 97.70 uncultured bacterium 
10.  2096 0 0 0.00018023 Bacteroidetes JF655812 97.50 uncultured bacterium 
11.  1050 0 0 0.000175014 Prevotella AF018507 97.50 unidentified rumen bacterium 
12.  3967 0 0 9.57E-05 Clostridiales JF627620 97.50 uncultured bacterium 
13.  26584 0 0 8.43E-05 unclassified_Bacteria JF645272 97.40 uncultured bacterium 
14.  30637 0 0 0.000272018 Prevotella JF630818 97.30 uncultured bacterium 
15.  5419 0 0 0.000140219 Lachnospiraceae  JF629915 97.20 uncultured bacterium 
16.  31028 0 0 0.039711192 Bacteroidetes JF656654 97.10 uncultured bacterium 
17.  




29330 0 0 0.000709645 Prevotella HM105392 96.90 
uncultured Bacteroidetes 
bacterium 
19.  698 0 0 0.000498365 Coprococcus JF644132 96.90 uncultured bacterium 
20.  38422 0 0 0.000202225 Bacteroidetes JF656654 96.80 uncultured bacterium 
21.  282 0 0 0.00279768  Prevotella JF657676 96.70 uncultured bacterium 
22.  
23958 0 0 2.86E-05 Clostridiales HM105197 96.70 
uncultured Firmicutes 
bacterium 
23.  34958 0 0 0.000158686 Hallella JF635089 96.60 uncultured bacterium 
24.  29023 0 0 0.000739427 Bacteroidales JF617468 96.40 uncultured bacterium 
25.  2157 0 0 0.000687123 Clostridiales GQ214306 96.40 uncultured bacterium 
26.  
1662 0 0 0.000114341 Treponema HM104711 96.40 
uncultured Spirochaetes 
bacterium 
27.  28425 0 0 9.94E-05 Lachnospiraceae JF626943 96.20 uncultured bacterium 
28.  30728 0 0 0.000175687 Spirochaetales  JF625184 96.10 uncultured bacterium 
29.  5586 0 0 0.000154234 Prevotellaceae JF650698 96.10 uncultured bacterium 
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30.  32446 0 0 0.00024813 Fibrobacter JF636497 95.90 uncultured bacterium 
31.  1490 0 0 0.00036041 Bacteroidetes JF628380 95.80 uncultured bacterium 
32.  32197 0 0 4.21E-05 unclassified_Bacteria JF648329 95.70 uncultured bacterium 
33.  38008 0 0 0.00019998 Fibrobacter JF619947 95.60 uncultured bacterium 
34.  928 0 0 0.00010061 Ruminococcaceae JF653366 95.40 uncultured bacterium 
35.  21734 0 0 2.86E-05 Olsenella JN834574 95.40 uncultured bacterium 
36.  42556 0 0 0.000768332 Prevotella JF630078 95.30 uncultured bacterium 
37.  39497 0 0 0.000360089 Prevotella JF627972 94.90 uncultured bacterium 
38.  1972 0 0 0.000415089 incertae_sedis JF652173 94.80 uncultured bacterium 
39.  5495 0 0 0.000144267 Ruminococcaceae JF626915 94.80 uncultured bacterium 
40.  
3510 0 0 0.000306745 Fibrobacter HM104722 94.50 
uncultured Fibrobacteres 
bacterium 
41.  1140 0 0 2.87E-05 Lachnospiraceae JF657930 94.50 uncultured bacterium 
42.  1556 0 0 0.000464597 Veillonellaceae JF660865 94.40 uncultured bacterium 
43.  6411 0 0 0.000267083 Lachnospiraceae JF641246 94.40 uncultured bacterium 
44.  30467 0 0 5.98E-05 unclassified_Bacteria JF633486 94.40 uncultured bacterium 
45.  27716 0 0 0.000364884 Porphyromonadaceae JF532726 94.30 uncultured bacterium 
46.  33912 0 0 0.000225951 Prevotella JF650200 94.10 uncultured bacterium 
47.  2003 0 0 0.000152808 Clostridiales JF629708 94.10 uncultured bacterium 
48.  




14146 0 0 0.000491795 Prevotella HM104836 94.00 
uncultured Bacteroidetes 
bacterium 
50.  335 0 0 0.000869704 Ruminococcaceae JF640711 93.90 uncultured bacterium 
51.  944 0 0 0.000534961 Porphyromonadaceae HM120701 93.80 uncultured rumen bacterium 
52.  1680 0 0 0.000157746 Ruminococcaceae JF619593 93.80 uncultured bacterium 
53.  750 0 0 0.000428712 Lachnospiraceae JF663069 93.70 uncultured bacterium 
54.  13300 0 0 0.001133038 Fibrobacter HM104722 93.60 uncultured bacterium 
55.  41737 0 0 0.000344474 Bacteroidetes JF656654 93.60 uncultured bacterium 
56.  31749 0 0 5.71E-05 Prevotella JF644620 93.60 uncultured bacterium 
57.  191 0 0 0.002973955 Prevotella JF650856 93.50 uncultured bacterium 
58.  39344 0 0 0.001514092 Prevotellaceae JF618313 93.50 uncultured bacterium 
59.  15718 0 0 0.001152249 Fibrobacter JF619947 93.50 uncultured bacterium 
60.  11906 0 0 0.000724858 Prevotella JF650444 93.50 uncultured bacterium 
61.  39393 0 0 0.000309383 Prevotella JF646885 93.50 uncultured bacterium 
62.  7935 0 0 0.000181562 Bacteroidetes JF546211 93.50 uncultured bacterium 
63.  180 0 0 0.002922081 Bacteroidales JF644179 93.30 uncultured bacterium 
64.  3528 0 0 0.000657964 Bacteroidales JF655612 93.30 uncultured bacterium 
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65.  753 0 0 0.000284579 Bacteroidetes HM104980 93.30 uncultured Bacteroidetes  
66.  39426 0 0 0.0006927 Ruminococcaceae JF663540 93.20 uncultured bacterium 
67.  39306 0 0 0.000315445 Lachnospiraceae JF665686 93.20 uncultured bacterium 
68.  11 0 0 0.017446341 Prevotellaceae JF632781 93.10 uncultured bacterium 
69.  885 0 0 0.001234856 Prevotella JF630078 93.10 uncultured bacterium 
70.  4761 0 0 0.000177421 Ruminococcaceae JF620742 93.10 uncultured bacterium 
71.  28010 0 0 0.000586498 Bacteroidetes JF639984 93.00 uncultured bacterium 
72.  30475 0 0 0.002905675 Prevotellaceae JF616714 92.90 uncultured bacterium 
73.  1562 0 0 9.43E-05 Lachnospiracea_incertae_sedis JF662731 92.90 uncultured bacterium 
74.  2215 0 0 5.73E-05 Ruminococcaceae JF663152 92.70 uncultured bacterium 
75.  
17006 0 0 0.000220801 Prevotella HM104721 92.60 
uncultured Bacteroidetes 
bacterium 
76.  19413 0 0 0.000185373 Ruminococcaceae JF631768 92.60 uncultured bacterium 
77.  38545 0 0 5.58E-05 Lachnospiraceae JF632698 92.50 uncultured bacterium 
78.  32128 0 0 0.000129364 Prevotellaceae JF648304 92.10 uncultured bacterium 
79.  32118 0 0 0.000173682 Prevotella JX003875 91.90 uncultured bacterium 
80.  34 0 0 0.006413697 Prevotellaceae JF616714 91.70 uncultured bacterium 
81.  
7372 0 0 0.000285606 Ruminococcaceae HM104951 91.70 
uncultured Firmicutes 
bacterium 
82.  29236 0 0 0.000210928 Prevotella JF623387 91.60 uncultured bacterium 
83.  24342 0 0 0.00041224 Prevotella JF656849 91.50 uncultured bacterium 
84.  26522 0 0 0.000272062 Prevotella JF662622 91.40 uncultured bacterium 
85.  136 0 0 0.00457495 Prevotella JF628622 91.30 uncultured bacterium 
86.  
27856 0 0 0.00389922 Fibrobacter  HM104722 91.30 
uncultured Fibrobacteres 
bacterium 
87.  4322 0 0 0.000577328 Prevotella JF623164 91.30 uncultured bacterium 
88.  24908 0 0 0.00056719 Prevotellaceae JF662978 91.20 uncultured bacterium 
89.  41824 0 0 0.00022361 Treponema JF651912 91.20 uncultured bacterium 
90.  25419 0 0 0.000695674 Ruminococcaceae JF631768 91.00 uncultured bacterium 
91.  28202 0 0 0.000265909 Prevotellaceae JF625735 91.00 uncultured bacterium 
92.  31363 0 0 0.000292933 Prevotella  JF630078 90.90 uncultured bacterium 
93.  0 0 0 0.097977224 Bacteroidetes JF656654 90.80 uncultured bacterium 
94.  34678 0 0 0.000277966 Bacteroidetes JF663671 90.80 uncultured bacterium 
95.  42371 0 0 0.000122907 Prevotella JF640769 90.80 uncultured bacterium 
96.  22865 0 0 0.000187833 Ruminococcaceae AY578472 90.70 uncultured bacterium 
97.  









Appendix E continued 
99.  4541 0 0 5.86E-05 Lachnospiraceae JF540032 90.40 uncultured bacterium 
100.  2687 0 0 0.000426087 Porphyromonadaceae JF639285 90.30 uncultured bacterium 
101.  1841 0 0 2.86E-05 Lachnospiraceae JF631935 90.30 uncultured bacterium 
102.  197 0 0 0.000319648 Porphyromonadaceae JF571579 90.20 uncultured bacterium 
103.  22400 0 0 0.000214885 Prevotella JX003974 90.20 uncultured bacterium 
104.  33241 0 0 0.000488068 Bacteroidetes JF663671 90.10 uncultured bacterium 
105.  33268 0 0 0.000417592 Bacteroidetes JF663671 90.10 uncultured bacterium 
106.  2007 0 0 0.000259965 Treponema JF633234 90.00 uncultured bacterium 
107.  21858 0 0 0.00026306 Prevotella JF646501 89.90 uncultured bacterium 
108.  29760 0 0 2.99E-05 TM7_genera_incertae_sedis JN802817 89.90 uncultured organism 
109.  18442 0 0 2.86E-05 Bacteroidetes AY578491 89.90 uncultured bacterium 
110.  
41934 0 0 0.004531352 Fibrobacter JF628876 89.80 
uncultured Fibrobacteres 
bacterium 
111.  1388 0 0 8.72E-05 Firmicutes JF638493 89.80 uncultured bacterium 
112.  1444 0 0 0.000541508 Veillonellaceae JF655995 89.60 uncultured bacterium 
113.  40429 0 0 0.00019998 Prevotella JF650399 89.60 uncultured bacterium 
114.  31914 0 0 0.000128125 Prevotella JF626912 89.60 uncultured bacterium 
115.  4712 0 0 0.000222159 Lachnospiracea_incertae_sedis  JF629281 89.30 uncultured bacterium 
116.  28827 0 0 0.000114248 Prevotella JF656849 89.30 uncultured bacterium 
117.  21482 0 0 0.000305266 Prevotella JF639044 89.00 uncultured bacterium 
118.  18497 0 0 8.85E-05 Clostridiales  EU843820 89.00 uncultured bacterium 
119.  23771 0 0 0.00023589 Firmicutes JF635314 88.90 uncultured bacterium 
120.  25302 0 0 9.44E-05 Firmicutes JF665923 88.90 uncultured bacterium 
121.  37020 0 0 2.99E-05 Clostridiales JF657659 88.90 uncultured bacterium 
122.  11535 0 0 0.001240097 Bacteroidetes JF660393 88.80 uncultured bacterium 
123.  




35737 0 0 0.000457859 Fibrobacter HM104958 88.70 
uncultured Fibrobacteres 
bacterium 
125.  27346 0 0 0.000301527 Prevotella JF637695 88.50 uncultured bacterium 
126.  3358 0 0 0.000168837 unclassified_Bacteria JF638312 88.40 uncultured bacterium 
127.  
27691 0 0 7.20E-05 Clostridiales GU959544 88.40 
uncultured Firmicutes 
bacterium 
128.  25424 0 0 8.43E-05 Clostridiales JF620757 88.30 uncultured bacterium 
129.  10782 0 0 0.000154327 Prevotella JF547714 88.10 uncultured bacterium 
130.  28635 0 0 0.000213553 Prevotella  JF630818 87.90 uncultured bacterium 
131.  39496 0 0 0.000197196 Prevotella JF657676 87.90 uncultured bacterium 
132.  21922 0 0 2.86E-05 Olsenella JF581708 87.90 uncultured bacterium 
133.  237 0 0 0.000730279 Ruminococcaceae JN803598 87.70 uncultured organism 
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134.  18416 0 0 0.000726558 Prevotella JF627247 87.70 uncultured bacterium 
135.  33542 0 0 0.000183649 Prevotella JF639578 87.70 uncultured bacterium 
136.  37911 0 0 0.000173869 Prevotellaceae JF661972 87.70 uncultured bacterium 
137.  
1763 0 0 0.000415276 Bacteria GU958383 87.60 
uncultured Firmicutes 
bacterium 
138.  793 0 0 0.000409644 Bacteria JF654356 87.60 uncultured bacterium 
139.  4675 0 0 0.000217314 Bacteria HM120613 87.50 uncultured rumen bacterium; 
140.  721 0 0 0.000351613 Bacteroidetes JF574929 87.30 uncultured bacterium 
141.  19781 0 0 0.000268509 Clostridium IV JN803173 87.30 uncultured organism 
142.  3184 0 0 0.000198738 Lachnospiraceae JF660190 87.30 uncultured bacterium 
143.  
1992 0 0 0.000581171 Bacteroidetes HM104825 87.20 
uncultured Bacteroidetes 
bacterium 
144.  24925 0 0 0.000227097 Prevotella JF658791 87.20 uncultured bacterium 
145.  1771 0 0 0.000192258 Bacteroidetes JF656654 87.20 uncultured bacterium 
146.  1989 0 0 0.001979716 Bacteroidetes JF656654 87.00 uncultured bacterium 
147.  
3242 0 0 0.000274544 Clostridiales HM105116 87.00 
uncultured Firmicutes 
bacterium 
148.  4573 0 0 0.000107911 unclassified_Bacteria JF629136 87.00 uncultured bacterium 
149.  6834 0 0 4.21E-05 Lachnospiracea_incertae_sedis JQ912925 86.80 uncultured bacterium 
150.  364 0 0 0.001162385 Clostridiales GU171196 86.70 uncultured bacterium 
151.  
8705 0 0 6.59E-05 Clostridiales  HM104747 86.70 
uncultured Firmicutes 
bacterium 
152.  57 0 0 0.001700356 Mollicutes JF656795 86.60 uncultured bacterium 
153.  25316 0 0 0.000136479 Prevotella JF656849 86.60 uncultured bacterium 
154.  15905 0 0 2.86E-05 Lachnospiraceae JF640976 86.60 uncultured bacterium 
155.  1121 0 0 0.000252246 Bacteroidales JX272140 86.50 uncultured rumen bacterium 
156.  33634 0 0 0.000181351 Prevotella AF018537 86.50 unidentified rumen bacterium 
157.  836 0 0 2.99E-05 Clostridium IV JF634491 86.50 uncultured bacterium 
158.  14795 0 0 0.001815485 TM7_genera_incertae_sedis JF632583 86.40 uncultured bacterium 
159.  780 0 0 0.000583771 Prevotella JF616389 86.40 uncultured bacterium 
160.  18419 0 0 0.000420781 Anaeroplasma JF656795 86.40 uncultured bacterium 
161.  23303 0 0 0.000431025 Fibrobacter   JF657955 86.20 uncultured bacterium 
162.  39259 0 0 0.000329503 Prevotella JX003973 86.10 uncultured bacterium 
163.  264 0 0 0.001064275 Porphyromonadaceae JF637186 86.00 uncultured bacterium 
164.  1799 0 0 0.000378827 Bacteroidetes JF656654 86.00 uncultured bacterium 
165.  35004 0 0 0.000166474 Prevotella JF630435 86.00 uncultured bacterium 
166.  299 0 0 0.001921362 Bacteroidetes JF625514 85.90 uncultured bacterium 
167.  5049 0 0 0.000144242 unclassified_Bacteria JF614588 85.90 uncultured bacterium 
168.  1714 0 0 0.000238699 Ruminococcaceae JN803395 85.80 uncultured organism 
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169.  32723 0 0 0.000284355 Bacteroidetes JF656654 85.70 uncultured bacterium 
170.  35627 0 0 0.000150211 Firmicutes JF625255 85.70 uncultured bacterium 
171.  632 0 0 0.000248273 Ruminococcus EU348112 85.50 uncultured bacterium 
172.  42066 0 0 0.000183624 Prevotella JF659825 85.50 uncultured bacterium 
173.  1043 0 0 0.000372737 Clostridiales JF655392 85.40 uncultured bacterium 
174.  28190 0 0 0.000341463 Fibrobacter JF628603 85.30 uncultured bacterium 
175.  11965 0 0 0.000275689 Bacteroidetes JF542328 85.00 uncultured bacterium 
176.  25689 0 0 9.44E-05 Ruminococcaceae JF586284 84.90 uncultured bacterium 
177.  40250 0 0 5.58E-05 Ruminococcus JN802867 84.90 uncultured organism 
178.  34263 0 0 0.000567411 Prevotella JF649677 84.80 uncultured bacterium 
179.  6714 0 0 0.000124333 Ruminococcaceae JF657975 84.80 uncultured bacterium 
180.  42705 0 0 0.000448437 Ruminococcaceae DQ796148 84.70 uncultured bacterium 
181.  49 0 0 0.003672584 Bacteroidetes JF625514 84.60 uncultured bacterium 
182.  1308 0 0 0.001370569 Prevotella JF634530 84.50 uncultured bacterium 
183.  29936 0 0 0.000332947 Prevotella JF634989 84.50 uncultured bacterium 
184.  20290 0 0 6.58E-05 Lachnospiraceae JF624777 84.50 uncultured bacterium 
185.  685 0 0 0.001896521 Bacteroidetes JF663671 84.30 uncultured bacterium 
186.  41542 0 0 8.57E-05 Lachnospiraceae  GU563937 84.30 uncultured bacterium 
187.  19423 0 0 2.87E-05 Clostridiales JF564225 84.30 uncultured bacterium 
188.  9262 0 0 0.000513155 Prevotella JF630435 84.10 uncultured bacterium 
189.  
28555 0 0 0.00018505 Firmicutes GU959511 84.10 
uncultured Firmicutes 
bacterium 
190.  7459 0 0 0.00017871 Ruminococcaceae AY244481 84.00 Oscillospira sp. 
191.  9315 0 0 0.000171477 Prevotella AF018539 84.00 unidentified rumen bacterium 
192.  
7354 0 0 0.000230226 Victivallis HM104750 83.90 
uncultured Lentisphaerae 
bacterium 
193.  1746 0 0 0.000294689 Clostridiales HM120659 83.80 uncultured rumen bacterium 
194.  35773 0 0 0.000216308 Prevotella JF618313 83.80 uncultured bacterium 
195.  27000 0 0 0.000192675 Prevotella JF633405 83.80 uncultured bacterium 
196.  37373 0 0 0.000157933 Bacteroidetes JF656654 83.70 uncultured bacterium 
197.  801 0 0 5.58E-05 unclassified_Bacteria JN802822 83.70 uncultured organism 
198.  13877 0 0 3.72E-05 Ruminococcaceae JN803618 83.70 uncultured organism 
199.  
425 0 0 0.000669746 Clostridiales GU958750 83.60 
uncultured Firmicutes 
bacterium 
200.  16885 0 0 0.000243033 Prevotella  JF630433 83.60 uncultured bacterium 
201.  28853 0 0 0.00014436 Prevotella JF628622 83.60 uncultured bacterium 
202.  202 0 0 0.001050877 Bacteroidales JF563354 83.50 uncultured bacterium 
203.  8231 0 0 0.000885615 Bacteroidetes JF663671 83.30 uncultured bacterium 
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204.  
41406 0 0 0.000423185 Bacteroidetes HM104885 83.30 
uncultured Bacteroidetes 
bacterium 
205.  1789 0 0 0.000322794 Prevotella JF623355 83.30 uncultured bacterium 
206.  2061 0 0 0.000306692 Bacteroidetes JF656654 83.30 uncultured bacterium 
207.  1983 0 0 0.000297171 Prevotella JF667391 83.30 uncultured bacterium 
208.  16432 0 0 0.000208561 Clostridiales JF652193 83.30 uncultured bacterium 
209.  25711 0 0 0.000174167 Prevotella JF657676 83.30 uncultured bacterium 
210.  830 0 0 0.000316566 Firmicutes JF635314 83.20 uncultured bacterium 
211.  13382 0 0 0.000137812 Ruminococcaceae JF667095 83.20 uncultured bacterium 
212.  25552 0 0 0.000777731 Prevotella JF663677 83.10 uncultured bacterium 
213.  2121 0 0 0.000219911 Bacteria JF643821 83.10 uncultured bacterium 
214.  
10113 0 0 0.000199887 Bacteroidales HM105215 83.10 
uncultured Bacteroidetes 
bacterium 
215.  683 0 0 0.001398847 Ruminococcaceae JN803043 83.00 uncultured bacterium 
216.  10575 0 0 0.000433087 Prevotella JF630818 82.90 uncultured bacterium 
217.  




39377 0 0 0.000207282 Bacteroidetes HM105233 82.80 
uncultured Bacteroidetes 
bacterium 
219.  34467 0 0 0.000154234 Prevotella JF658427 82.80 uncultured bacterium 
220.  8023 0 0 7.44E-05 unclassified_Bacteria JF640299 82.80 uncultured bacterium 
221.  38987 0 0 0.000687954 Prevotella JF667391 82.70 uncultured bacterium 
222.  8522 0 0 0.000402364 Bacteroidetes JF656654 82.60 uncultured bacterium 
223.  33474 0 0 0.000217407 Prevotella AF018513 82.60 unidentified rumen bacterium 
224.  12598 0 0 0.000191436 Firmicutes JX272144 82.60 uncultured rumen bacterium 
225.  24533 0 0 0.000160296 Clostridiales JQ912967 82.50 uncultured bacterium 
226.  39387 0 0 0.000192258 Prevotella JF663677 82.40 uncultured bacterium 
227.  18452 0 0 0.000199927 Anaeroplasma JF656795 82.30 uncultured bacterium 
228.  25042 0 0 0.000165234 Prevotella JF630818 82.30 uncultured bacterium 
229.  16745 0 0 2.87E-05 Bacteroidetes JF619722 82.30 uncultured bacterium 
230.  251 0 0 0.001004987 Anaeroplasma JF628470 82.20 uncultured bacterium 
231.  1923 0 0 0.000460531 Ruminococcaceae JF632595 82.20 uncultured bacterium 
232.  32757 0 0 0.00023858 Prevotella AF018508 82.10 unidentified rumen bacterium 
233.  1891 0 0 0.00040227 Bacteroidetes JF656654 82.00 uncultured bacterium 
234.  28421 0 0 0.000156507 Bacteroidetes EU461549 82.00 uncultured bacterium 
235.  27565 0 0 4.21E-05 TM7_genera_incertae_sedis JF637176 82.00 uncultured bacterium 
236.  1323 0 0 0.000601406 Prevotella JF630818 81.80 uncultured bacterium 
237.  5544 0 0 0.000297329 Bacteroidetes JF625514 81.80 uncultured bacterium 
238.  42704 0 0 0.000258489 Prevotella AB244144 81.70 uncultured rumen bacterium 
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239.  34262 0 0 0.000183652 Prevotella JF639467 81.60 uncultured bacterium 
240.  9716 0 0 5.71E-05 Clostridiales HM105096 81.60 uncultured Firmicutes b 
241.  252 0 0 0.003511182 Ruminococcaceae DQ796148 81.50 uncultured bacterium 
242.  36380 0 0 0.000167806 Prevotella JF623472 81.50 uncultured bacterium 
243.  22693 0 0 0.00026306 Prevotella JF624136 81.40 uncultured bacterium 
244.  33286 0 0 0.00021226 Prevotella JF633405 81.20 uncultured bacterium 
245.  26414 0 0 0.000388567 Prevotella EU290088 81.10 uncultured bacterium 
246.  27630 0 0 0.000237223 Prevotella JF659079 81.10 uncultured bacterium 
247.  10408 0 0 0.000180018 Prevotella JF614926 81.00 uncultured bacterium 
248.  218 0 0 0.000906934 Bacteroidetes JF657538 80.90 uncultured bacterium 
249.  29232 0 0 0.000183649 Prevotella JF662520 80.90 uncultured bacterium 
250.  29271 0 0 0.000428712 Prevotella JF630818 80.80 uncultured bacterium 
251.  
311 0 0 0.000417506 Ruminococcaceae AF018550 80.80 
 unidentified rumen 
bacterium 
252.  160 0 0 0.000131728 unclassified_Bacteria EU475342 80.70 uncultured bacterium 
253.  21784 0 0 8.71E-05 Ruminococcaceae JF629794 80.70 uncultured bacterium 
254.  8350 0 0 0.000389143 Bacteroidetes JF656654 80.60 uncultured bacterium 
255.  1720 0 0 0.00032057 Bacteria JF636461 80.60 uncultured bacterium 
256.  1643 0 0 0.000168837 Treponema JF659728 80.60 uncultured bacterium 
257.  7773 0 0 0.000166474 Clostridiales GU171097 80.60 uncultured bacterium 
258.  38199 0 0 0.000346952 Bacteroidales JF619043 80.40 uncultured bacterium 
259.  41798 0 0 0.000196468 Prevotellaceae JF616844 80.40 uncultured bacterium 
260.  
2470 0 0 2.86E-05 Lachnospiracea_incertae_sedis FJ651254 80.30 
uncultured Firmicutes 
bacterium 
261.  10303 0 0 0.000519538 Bacteroidetes JF656654 80.00 uncultured bacterium 
262.  26605 0 0 0.000246302 Prevotella JF636527 80.00 uncultured bacterium 
263.  41117 0 0 0.000137905 Prevotella EU290027 80.00 uncultured bacterium 
264.  31416 0 0 0.000288508 Prevotella JF630435 79.90 uncultured bacterium 
265.  16764 0 0 0.000240975 Ruminococcaceae  AM278544 79.90 uncultured bacterium 
266.  39107 0 0 0.000216075 Prevotella JF667391 79.90 uncultured bacterium 
267.  593 0 0 0.000215256 Prevotella  JF624136 79.90 uncultured bacterium 
268.  
4671 0 0 0.000126422 Clostridiales HM105496 79.80 
uncultured Firmicutes 
bacterium 
269.  26702 0 0 0.000180046 Prevotella JF630818 79.60 uncultured bacterium 
270.  442 0 0 0.001697531 Clostridiales EU843820 79.50 uncultured bacterium 
271.  7696 0 0 0.000288627 Bacteroidetes JF632007 79.50 uncultured bacterium 
272.  35654 0 0 0.00017281 Prevotella JF644067 79.50 uncultured bacterium 
273.  2383 0 0 0.000136479 Ruminococcaceae HM120507 79.50 uncultured rumen bacterium 
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274.  10822 0 0 0.000706257 Prevotella JF630818 79.40 uncultured bacterium 
275.  2775 0 0 0.000609894 Bacteria AY816897 79.40 uncultured bacterium 
276.  1835 0 0 0.000388604 Bacteroidetes JF663750 79.40 uncultured bacterium 
277.  9953 0 0 0.000350284 Bacteroidetes JF656654 79.40 uncultured bacterium 
278.  29925 0 0 0.000194923 Sphingobacteriaceae JX272169 79.40 uncultured rumen bacterium 
279.  31128 0 0 0.000157839 unclassified_Bacteria JF625831 79.40 uncultured bacterium 
280.  3640 0 0 0.000751153 Prevotella JF667391 79.30 uncultured bacterium 
281.  4504 0 0 0.000228987 Campylobacter AM884039 79.30 uncultured rumen bacterium 
282.  25862 0 0 0.00021226 Prevotella JF657676 79.30 uncultured bacterium 
283.  26180 0 0 0.000181444 Prevotella JF618313 79.30 uncultured bacterium 
284.  1270 0 0 0.000653723 Bacteroidetes JF663671 79.20 uncultured bacterium 
285.  40366 0 0 0.000203676 Prevotella JF640508 79.20 uncultured bacterium 
286.  28961 0 0 0.000186289 unclassified_Bacteria JF634388 79.10 uncultured bacterium 
287.  6180 0 0 0.000228735 Bacteroidetes JF637211 79.00 uncultured bacterium 
288.  25219 0 0 0.000214857 Prevotella JF614467 79.00 uncultured bacterium 
289.  4291 0 0 0.000141577 Clostridiales JF665064 79.00 uncultured bacterium 
290.  158 0 0 0.001472985 Bacteroidales JF630538 78.90 uncultured bacterium 
291.  41985 0 0 0.000220854 Prevotella JF656939 78.90 uncultured bacterium 
292.  822 0 0 0.000683322 Bacteria FJ834705 78.60 uncultured bacterium 
293.  7860 0 0 0.000145599 Bacteroidetes JF656654 78.50 uncultured bacterium 
294.  30026 0 0 0.000243425 Bacteroidetes JF656654 78.40 uncultured bacterium 
295.  3654 0 0 0.000254678 Bacteroidetes JN803607 78.20 uncultured organism 
296.  7524 0 0 0.000199887 Prevotella JF662556 78.20 uncultured bacterium 
297.  25129 0 0 0.000171571 Prevotella JF639853 78.20 uncultured bacterium 
298.  
2466 0 0 0.000216075 Bacteroidetes HM104885 78.10 
uncultured Bacteroidetes 
bacterium 
299.  20601 0 0 0.000185262 Prevotella JF649677 78.00 uncultured bacterium 
300.  110 0 0 0.001425759 Porphyromonadaceae JF571579 77.90 uncultured bacterium 
301.  8581 0 0 9.93E-05 Prevotella JF631492 77.90 uncultured bacterium 
302.  29571 0 0 0.000884721 Prevotellaceae JF664586 77.50 uncultured bacterium 
303.  461 0 0 0.000490547 Firmicutes JQ336739 77.50 uncultured bacterium 
304.  1201 0 0 0.00034911 Bacteroidetes JF663671 77.50 uncultured bacterium 
305.  
38287 0 0 0.000329018 Victivallis HM104750 77.30 
uncultured Lentisphaerae 
bacterium 
306.  25727 0 0 0.00023594 Prevotella JF640489 77.20 uncultured bacterium 
307.  24581 0 0 0.000229921 Bacteria FJ834705 77.20 uncultured bacterium 
308.  1026 0 0 0.000313122 Bacteria JF631350 77.10 uncultured bacterium 
309.  31746 0 0 0.000257091 Prevotella JF661598 77.10 uncultured bacterium 
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310.  23836 0 0 0.000198738 Prevotella JF618722 76.90 uncultured bacterium 
311.  24950 0 0 0.000171571 Clostridiales  JF663875 76.90 uncultured bacterium 
312.  28717 0 0 2.99E-05 Prevotella  JF617911 76.90 uncultured bacterium 
313.  31924 0 0 0.000205924 Prevotella EU290027 76.70 uncultured bacterium 
314.  
27410 0 0 0.000217314 Bacteria HM105429 76.40 
uncultured Firmicutes 
bacterium 
315.  41922 0 0 0.000178714 Prevotella JF660483 76.30 uncultured bacterium 
316.  1305 0 0 0.000237064 Bacteroidetes JF641972 75.90 uncultured bacterium 
317.  20525 0 0 0.000229647 Selenomonas JF645847 75.80 uncultured bacterium 
318.  14126 0 0 0.000490733 Anaeroplasma JF628470 75.70 uncultured bacterium 
319.  29858 0 0 0.000475529 Sphingobacteriales JF636962 75.70 uncultured bacterium 
320.  
16153 0 0 0.0002686 Fibrobacter HM104722 75.60 
uncultured Fibrobacteres 
bacterium 
321.  1873 0 0 0.000280628 Prevotella JF640555 75.50 uncultured bacterium 
322.  21821 0 0 0.000270119 Prevotella JX003912 75.40 uncultured bacterium 
323.  8373 0 0 0.000191529 Bacteroidales JN803357 75.40 uncultured organism 
324.  353 0 0 0.000500794 Bacteroidales JX272162 75.10 uncultured rumen bacterium 
325.  899 0 0 0.000337857 Bacteroidetes JF663671 75.10 uncultured bacterium 
326.  
916 0 0 0.000144453 Bacteroidetes HM104885 75.10 
uncultured Bacteroidetes 
bacterium 
327.  1958 0 0 0.002424075 Bacteroidetes JF663671 74.90 uncultured bacterium 
328.  31641 0 0 0.000192351 Bacteroidetes JF663671 74.90 uncultured bacterium 
329.  33863 0 0 0.000315233 Bacteroidetes JF665876 74.70 uncultured bacterium 
330.  19023 0 0 0.000260906 Bacteroidales JF655263 74.60 uncultured bacterium 
331.  34251 0 0 0.000179953 Prevotella JF632706 74.50 uncultured bacterium 
332.  30570 0 0 0.000181351 Prevotellaceae GU603874 74.40 uncultured bacterium 
333.  




18573 0 0 0.000154234 Fibrobacter HM105476 74.00 
uncultured Fibrobacteres 
bacterium 
335.  10085 0 0 0.000864162 Bacteroidetes JF663671 73.90 uncultured bacterium 
336.  163 0 0 0.001628112 Prevotellaceae JF617828 73.50 uncultured bacterium 
337.  5904 0 0 3.72E-05 Prevotella JF646452 73.50 uncultured bacterium 
338.  
7107 0 0 0.000233577 Fibrobacter HM104958 73.10 
uncultured Fibrobacteres 
bacterium 
339.  31342 0 0 0.000222159 Bacteroidetes JF663671 73.10 uncultured bacterium 
340.  17142 0 0 0.00040866 Fibrobacter JF631630 73.00 uncultured bacterium 
341.  1943 0 0 0.001253675 Bacteroidetes JF663671 72.90 uncultured bacterium 
342.  931 0 0 0.000458771 Bacteria JF541955 72.80 uncultured bacterium 
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343.  1563 0 0 0.000281637 Fibrobacter JF656038 72.80 uncultured bacterium 
344.  33123 0 0 0.000180205 Prevotellaceae JF621491 72.80 uncultured bacterium 
345.  8218 0 0 0.000171384 Bacteroidetes JF656654 72.70 uncultured bacterium 
346.  9736 0 0 0.000302835 Bacteroidales JX272140 72.50 uncultured rumen bacterium 
347.  8493 0 0 3.72E-05 Ruminococcaceae AM278544 72.50 uncultured bacterium 
348.  953 0 0 0.000524922 Bacteroidetes JF663671 72.20 uncultured bacterium 
349.  
1367 0 0 0.000373939 Bacteroidetes HM104885 72.20 
uncultured Bacteroidetes 
bacterium 
350.  34582 0 0 0.000150211 unclassified_Bacteria JF664463 72.10 uncultured bacterium 
351.  6879 0 0 0.000145693 Porphyromonadaceae JF644179 72.00 uncultured bacterium 
352.  19234 0 0 0.000192351 Bacteroidales JF655263 71.80 uncultured bacterium 
353.  1053 0 0 0.000394461 Bacteroidetes JF656654 71.70 uncultured bacterium 
354.  
17139 0 0 0.000237248 Fibrobacter HM104722 71.70 
uncultured Fibrobacteres 
bacterium 
355.  27846 0 0 0.000182802 Prevotella JF634061 71.30 uncultured bacterium 
356.  10428 0 0 0.000374007 Bacteroidetes JF656654 71.10 uncultured bacterium 
357.  1655 0 0 0.000172835 Prevotellaceae JF664586 70.80 uncultured bacterium 
358.  1218 0 0 0.000158026 Bacteroidetes JF663671 70.80 uncultured bacterium 
359.  24692 0 0 0.000237369 Prevotellaceae JF635777 70.70 uncultured bacterium 
360.  33794 0 0 0.00023589 Prevotella JN803438 70.60 uncultured organism 
361.  8558 0 0 0.000197542 Bacteroidales JN802826 70.60 uncultured organism 
362.  19233 0 0 0.000180046 Deltaproteobacteria EU465702 70.50 uncultured bacterium 
363.  8269 0 0 0.00022455 Bacteroidetes JF663671 70.40 uncultured bacterium 
364.  29045 0 0 0.000144453 Prevotella HM120513 70.40 uncultured rumen bacterium 
365.  15820 0 0 0.000173115 Bacteroidetes JF656654 70.20 uncultured bacterium 
366.  26955 0 0 0.000166567 Prevotellaceae JF667152 70.10 uncultured bacterium 
367.  10505 0 0 0.000622795 Bacteroidetes JF663671 70.00 uncultured bacterium 
368.  
3096 0 0 0.000220801 Lachnospiraceae DQ409906 70.00 
uncultured Firmicutes 
bacterium 
369.  3165 0 0 0.000186501 Firmicutes JF614495 70.00 uncultured bacterium 
370.  9598 0 0 0.000375296 Bacteroidetes JF663671 69.90 uncultured bacterium 
371.  
17106 0 0 0.000421264 Fibrobacter HM104722 69.80 
uncultured Fibrobacteres 
bacterium 
372.  21937 0 0 0.000322927 Bacteroidetes JF663671 69.80 uncultured bacterium 
373.  867 0 0 0.000604894 Butyricicoccus AM277629 69.60 uncultured bacterium 
374.  497 0 0 0.000489335 Anaeroplasma JF634988 69.60 uncultured bacterium 
375.  7654 0 0 0.000761817 Bacteroidetes JF663671 69.50 uncultured bacterium 
376.  309 0 0 0.000743528 Porphyromonadaceae JF571579 69.50 uncultured bacterium 
377.  8519 0 0 0.000161442 Bacteroidales JN803357 69.30 uncultured organism 
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378.  1897 0 0 0.001100799 Sphingobacteriaceae HM105305 69.20 uncultured bacterium 
379.  11097 0 0 0.000729367 Prevotella JF629323 69.10 uncultured bacterium 
380.  14137 0 0 0.000775422 Bacteroidales JF658715 68.90 uncultured bacterium 
381.  2142 0 0 0.000259455 Fibrobacter HM104984 68.80 uncultured Fibrobacteres  
382.  
23229 0 0 0.000144267 Fibrobacter HM104984 68.70 
uncultured Fibrobacteres 
bacterium 
383.  1054 0 0 0.000608219 Bacteroidetes JF632007 68.60 uncultured bacterium 
384.  29138 0 0 0.000181285 Prevotella JF655947 68.60 uncultured bacterium 
385.  16856 0 0 0.000178714 Fibrobacter JF628876 68.60 uncultured bacterium 
386.  2017 0 0 0.000459799 Bacteroidetes JF663671 68.50 uncultured bacterium 
387.  4346 0 0 0.000132874 Clostridiales JQ336211 68.50 uncultured bacterium 
388.  2043 0 0 0.000568177 Prevotellaceae JF621250 68.40 uncultured bacterium 
389.  962 0 0 0.000333156 Bacteroidetes JF656654 68.00 uncultured bacterium 
390.  3790 0 0 0.000525348 Bacteroidales JN803357 67.80 uncultured organism 
391.  25943 0 0 0.000166474 Spirochaetales JF643758 67.80 uncultured bacterium 
392.  19445 0 0 0.000157746 Fibrobacter JF636497 67.60 uncultured bacterium 
393.  5122 0 0 0.00039093 Anaeroplasma JF634988 67.40 uncultured bacterium 
394.  7624 0 0 0.00026949 Bacteroidales JF652027 67.20 uncultured bacterium 
395.  15727 0 0 0.000250702 Ruminococcaceae JF641681 67.00 uncultured bacterium 
396.  8431 0 0 0.000333221 Bacteroidetes  JF663671 66.70 uncultured bacterium 
397.  145 0 0 0.001536267 Anaeroplasmataceae AM884068 66.40 uncultured bacterium 
398.  1593 0 0 0.000214128 Deltaproteobacteria JQ379545 66.00 uncultured bacterium 
399.  14226 0 0 0.000912025 Prevotellaceae JN803220 65.70 uncultured organism 
400.  3827 0 0 0.000207347 Sphingobacteriaceae JX272169 65.70 uncultured rumen bacterium 
401.  41780 0 0 0.000166474 Fibrobacter JF656038 65.70 uncultured bacterium 
402.  8292 0 0 0.000159265 Bacteroidales JF630746 65.70 uncultured bacterium 
403.  9233 0 0 0.000350122 Bacteria AM884068 65.60 uncultured rumen bacterium 
404.  2041 0 0 0.000478104 Firmicutes GU102403 65.50 uncultured bacterium 
405.  29717 0 0 0.00016638 Bacteroidetes JF652408 65.00 uncultured bacterium 
406.  9414 0 0 0.000288415 Bacteroidetes JF625531 64.70 uncultured bacterium 
407.  8893 0 0 0.000246729 Bacteroidales JF625276 64.20 uncultured bacterium 
408.  17873 0 0 0.000257091 Fibrobacter JF636497 63.80 uncultured bacterium 
409.  11377 0 0 0.000180046 Sphingobacteriaceae JX272169 63.60 uncultured rumen bacterium 
410.  1881 0 0 0.000403419 Bacteroidetes JN803161 63.50 uncultured organism 
411.  
865 0 0 0.00031226 Sphingobacteriaceae HM105267 63.40 
uncultured Bacteroidetes 
bacterium 
412.  1954 0 0 0.000201471 Proteobacteria EU882218 63.30 uncultured cyanobacterium 













Appendix E continued 
414.  27925 0 0 0.000200892 Prevotellaceae JN803533 61.50 uncultured organism 
415.  13902 0 0 0.000255849 Bacteria JF658583 61.30 uncultured bacterium 
416.  
1785 0 0 0.000429991 Fibrobacter HM104735 61.10 
uncultured Fibrobacteres 
bacterium 
417.  2884 0 0 0.000321461 Bacteroidetes JN802827 60.60 uncultured organism 
418.  
522 0 0 0.000571621 Porphyromonadaceae HM104944 60.30 
uncultured Bacteroidetes 
bacterium 
419.  1068 0 0 0.00073608 Fibrobacter JF636497 60.10 uncultured bacterium 
420.  2785 0 0 0.00041957 Bacteroidetes JF625514 60.00 uncultured bacterium 
421.  30871 0 0 0.00020868 Prevotellaceae JF537232 60.00 uncultured bacterium 
422.  7703 0 0 0.000156693 Bacteroidetes JN803025 59.00 uncultured organism 
423.  




5392 0 0 0.000171969 Clostridiales GU958569 58.10 
uncultured Firmicutes 
bacterium 
425.  1741 0 0 0.000401728 Puniceicoccaceae AB456256 57.00 uncultured bacterium 
426.  22375 0 0 0.000182895 Prevotella  JF644067 57.00 uncultured bacterium 
427.  21872 0 0 0.000170169 Bacteroidetes JF656654 57.00 uncultured bacterium 
428.  




8405 0 0 0.000228588 Fibrobacter  HM104722 56.60 
uncultured Fibrobacteres 
bacterium 
430.  20393 0 0 0.0001566 Bacteroidetes JF663671 56.50 uncultured bacterium 
431.  1955 0 0 0.00022574 Firmicutes  JF667721 54.30 uncultured bacterium 
432.  14853 0 0 0.000173775 Prevotellaceae JF664586 51.70 uncultured bacterium 
433.  1596 0 0 0.00016638 Proteobacteria EU882218 45.30 uncultured cyanobacterium 
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Appendix F. List of 433 OTUs that statistically presence only in camels co-grazed with cattle (Cam_Co_M) with ANOVA analysis using false discovery rate (FDR) 
correction. OTUs were classified using data from the Greengenes and referenced data from the Ge nBank (BLAST) database. Closest relative and reference 
according to GenBank is listed along with its accession number and percent identity. # Reading value of 1 represent 100% composition, meanwhile E-05 represent 
value divide by 100,000. 
Number OTU Cam_alone_M Cat_co_M Cam_Co_M # Accession no. Similarity % Bacterium 
1.  32446 0 0 0.00024813 AJ505937.1 99.76 Fibrobacter succinogenes  
2.  2007 0 0 0.000259965 GQ426550.1 99.59 Treponema sp. 
3.  13300 0 0 0.001133038 AJ505937.1 99.56 Fibrobacter succinogenes. 
4.  38354 0 0 0.000328965 AB501162.1 99.37 Prevotella ruminicola 
5.  21984 0 0 0.000215981 GU999989.1 99.15 Fibrobacter succinogenes 
6.  38008 0 0 0.00019998 AB275504.1 99.13 Fibrobacter succinogenes 
7.  1556 0 0 0.000464597 AB198438.1 98.81 Selenomonas ruminantium. 
8.  29236 0 0 0.000210928 AF396925.1 98.73 Prevotella bryantii 
9.  15718 0 0 0.001152249 AB275504.1 98.70 Fibrobacter succinogenes. 
10.  41696 0 0 0.000482881 AJ505937.1 98.65 Fibrobacter succinogenes. 
11.  3510 0 0 0.000306745 AJ505937.1 98.48 Fibrobacter succinogenes  
12.  21482 0 0 0.000305266 AB501167.1 98.39 Prevotella ruminicola 
13.  32118 0 0 0.000173682 AB003387.1 98.26 Prevotella sp.  
14.  282 0 0 0.00279768 AB547669.1 98.20 Prevotella albensis. 
15.  27856 0 0 0.00389922 AJ505938.1 97.95 Fibrobacter succinogenes. 
16.  28190 0 0 0.000341463 AJ496566.1 97.61 Fibrobacter succinogenes  
17.  33912 0 0 0.000225951 AB501152.1 97.44 Prevotella ruminicola  
18.  41934 0 0 0.004531352 AJ505937.1 97.39 Fibrobacter succinogenes. 
19.  38545 0 0 5.58E-05 EF031543.1 97.26 Coprococcus eutactus  
20.  10782 0 0 0.000154327 AB501155.1 97.02 Prevotella sp. 
21.  23303 0 0 0.000431025 AJ505937.1 96.98 Fibrobacter succinogenes 
22.  29330 0 0 0.000709645 AB501164.1 96.83 Prevotella ruminicola. 
23.  16153 0 0 0.0002686 AJ505937.1 96.75 Fibrobacter succinogenes  
24.  1562 0 0 9.43E-05 EF031543.1 96.75 Coprococcus eutactus 
25.  8405 0 0 0.000228588 CP002158.1 96.64 Fibrobacter subsp.  
26.  24925 0 0 0.000227097 AB501167.1 96.63 Prevotella ruminicola 
27.  411 0 0 0.000636529 AM039822.1 96.44 Butyrivibrio fibrisolvens. 
28.  42066 0 0 0.000183624 AB501167.1 96.19 Prevotella ruminicola 
29.  1789 0 0 0.000322794 AB501173.1 96.18 Prevotella ruminicola 
30.  2470 0 0 2.86E-05 AF202260.1 96.11 Pseudobutyrivibrio ruminis 
31.  33474 0 0 0.000217407 AB501162.1 96.09 Prevotella ruminicola  
32.  33634 0 0 0.000181351 AB501167.1 96.06 Prevotella ruminicola 
33.  593 0 0 0.000215256 AF396925.1 95.93 Prevotella bryantii 
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34.  1563 0 0 0.000281637 CP002158.1 95.90 Fibrobacter subsp. 
35.  35737 0 0 0.000457859 AB275484.1 95.87 Fibrobacter succinogenes 
36.  22693 0 0 0.00026306 AJ006457.1 95.87 Prevotella bryantii 
37.  25711 0 0 0.000174167 AF040719.1 95.85 Prevotella sp. 
38.  39496 0 0 0.000197196 AF040719.1 95.79 Prevotella sp. 
39.  39497 0 0 0.000360089 AB501167.1 95.78 Prevotella ruminicola  
40.  1643 0 0 0.000168837 GU566698.1 95.73 Treponema sp 
41.  23229 0 0 0.000144267 AJ496448.2 95.73 Fibrobacter succinogenes  
42.  27000 0 0 0.000192675 AB501167.1 95.66 Prevotella ruminicola 
43.  31746 0 0 0.000257091 AB501155.1 95.53 Prevotella sp. 
44.  17106 0 0 0.000421264 CP002158.1 95.51 Fibrobacter subsp. 
45.  1444 0 0 0.000541508 AB198438.1 95.42 Selenomonas ruminantium. 
46.  17142 0 0 0.00040866 CP002158.1 95.38 Fibrobacter subsp.  
47.  18416 0 0 0.000726558 AB501155.1 95.27 Prevotella sp. 
48.  19445 0 0 0.000157746 CP002158.1 95.27 Fibrobacter subsp. 
49.  40250 0 0 5.58E-05 AF104835.1 95.27 Ruminococcus flavefaciens 
50.  17139 0 0 0.000237248 AJ505937.1 95.21 Fibrobacter succinogenes 
51.  780 0 0 0.000583771 AB501167.1 95.17 Prevotella ruminicola. 
52.  33286 0 0 0.00021226 AB501165.1 95.17 Prevotella sp. 
53.  1841 0 0 2.86E-05 AY699277.1 95.02 Lachnospira pectinoschiza  
54.  20525 0 0 0.000229647 AB198426.1 95.00 Selenomonas ruminantium  
55.  25862 0 0 0.00021226 AF040719.1 95.00 Prevotella sp. 
56.  29936 0 0 0.000332947 AB501167.1 94.97 Prevotella ruminicola  
57.  34263 0 0 0.000567411 AB501152.1 94.88 Prevotella ruminicola. 
58.  3640 0 0 0.000751153 AJ009933.1 94.84 Prevotella aff. 
59.  29232 0 0 0.000183649 AB501153.1 94.82 Prevotella ruminicola 
60.  27630 0 0 0.000237223 AB501167.1 94.78 Prevotella ruminicola 
61.  4504 0 0 0.000228987 AF097686.1 94.71 Campylobacter hyointestinalis subsp. lawsonii  
62.  18573 0 0 0.000154234 GU999989.1 94.71 Fibrobacter succinogenes  
63.  38987 0 0 0.000687954 AJ009933.1 94.64 Prevotella aff. 
64.  42556 0 0 0.000768332 AB501155.1 94.60 Prevotella sp 
65.  21734 0 0 2.86E-05 FN178461.2 94.54 Olsenella sp. 
66.  14146 0 0 0.000491795 AB501166.1 94.53 Prevotella sp. 
67.  17873 0 0 0.000257091 CP002158.1 94.53 Fibrobacter subsp. 
68.  31749 0 0 5.71E-05 AB501173.1 94.52 Prevotella ruminicola 
69.  885 0 0 0.001234856 AF218619.1 94.41 Prevotella ruminicola. 
70.  3231 0 0 0.000381212 AB275500.1 94.41 Fibrobacter succinogenes 
253 
 
Appendix F continued 
71.  34262 0 0 0.000183652 AB501167.1 94.41 Prevotella ruminicola 
72.  683 0 0 0.001398847 HM037995.1 94.39 Eubacterium coprostanoligenes. 
73.  1983 0 0 0.000297171 AJ009933.1 94.23 Prevotella aff. 
74.  7107 0 0 0.000233577 AB275484.1 94.22 Fibrobacter succinogenes 
75.  39393 0 0 0.000309383 AB501166.1 94.18 Prevotella sp.  
76.  25129 0 0 0.000171571 AB501173.1 94.15 Prevotella ruminicola 
77.  16856 0 0 0.000178714 AJ496448.2 94.07 Fibrobacter succinogenes 
78.  25219 0 0 0.000214857 AB501167.1 93.98 Prevotella ruminicola 
79.  1043 0 0 0.000372737 HM037995.1 93.93 Eubacterium coprostanoligenes 
80.  39107 0 0 0.000216075 AJ009933.1 93.79 Prevotella aff. 
81.  36380 0 0 0.000167806 AB501152.1 93.76 Prevotella ruminicola 
82.  9315 0 0 0.000171477 AB501152.1 93.64 Prevotella ruminicola 
83.  40429 0 0 0.00019998 AB501166.1 93.61 Prevotella sp. 
84.  34467 0 0 0.000154234 AJ009933.1 93.56 Prevotella aff. 
85.  1140 0 0 2.87E-05 L34421.1 93.56 Eubacterium ventriosum 
86.  21922 0 0 2.86E-05 EU592964.1 93.53 Olsenella sp 
87.  42704 0 0 0.000258489 AB501164.1 93.45 Prevotella ruminicola  
88.  41780 0 0 0.000166474 CP002158.1 93.40 Fibrobacter subsp. 
89.  31363 0 0 0.000292933 AB501155.1 93.37 Prevotella sp. 
90.  27346 0 0 0.000301527 AB501155.1 93.36 Prevotella sp. 
91.  1873 0 0 0.000280628 AJ009933.1 93.36 Prevotella aff.  
92.  632 0 0 0.000248273 AF104835.1 93.25 Ruminococcus flavefaciens 
93.  1050 0 0 0.000175014 AB501166.1 93.17 Prevotella sp. 
94.  25552 0 0 0.000777731 AF218619.1 93.06 Prevotella ruminicola. 
95.  191 0 0 0.002973955 AB501167.1 93.00 Prevotella ruminicola. 
96.  1308 0 0 0.001370569 AB501166.1 92.97 Prevotella sp. 
97.  18419 0 0 0.000420781 M23934.1 92.84 Anaeroplasma varium 
98.  30570 0 0 0.000181351 AB501164.1 92.77 Prevotella ruminicola 
99.  21858 0 0 0.00026306 AB501166.1 92.76 Prevotella sp. 
100.  11097 0 0 0.000729367 AF396925.1 92.75 Prevotella bryantii. 
101.  16885 0 0 0.000243033 AF218619.1 92.73 Prevotella ruminicola  
102.  1068 0 0 0.00073608 CP002158.1 92.65 Fibrobacter subsp. Succinogenes. 
103.  24342 0 0 0.00041224 AF218619.1 92.59 Prevotella ruminicola. 
104.  41798 0 0 0.000196468 AB501153.1 92.56 Prevotella ruminicola 
105.  11906 0 0 0.000724858 AB501155.1 92.48 Prevotella sp.  
106.  28853 0 0 0.00014436 AB501152.1 92.48 Prevotella ruminicola  
107.  17006 0 0 0.000220801 AF218619.1 92.45 Prevotella ruminicola 
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108.  57 0 0 0.001700356 M23934.1 92.41 Anaeroplasma varium. 
109.  40366 0 0 0.000203676 AJ009933.1 92.35 Prevotella aff. ruminicola 
110.  18452 0 0 0.000199927 M23934.1 92.34 Anaeroplasma varium 
111.  41542 0 0 8.57E-05 EU266552.1 92.29 Coprococcus catus 
112.  26522 0 0 0.000272062 AB501155.1 92.22 Prevotella sp. 
113.  41922 0 0 0.000178714 AJ009933.1 92.17 Prevotella aff. ruminicola  
114.  31924 0 0 0.000205924 AF218619.1 92.02 Prevotella ruminicola 
115.  39387 0 0 0.000192258 AF218619.1 91.98 Prevotella ruminicola 
116.  28827 0 0 0.000114248 AF218619.1 91.98 Prevotella ruminicola 
117.  25727 0 0 0.00023594 AB501153.1 91.85 Prevotella ruminicola  
118.  698 0 0 0.000498365 EU728700.1 91.79 Coprococcus sp. 
119.  25943 0 0 0.000166474 GU566697.1 91.69 Treponema sp. 
120.  39259 0 0 0.000329503 AB547674.1 91.57 Prevotella bivia  
121.  26605 0 0 0.000246302 AF218619.1 91.55 Prevotella ruminicola 
122.  32757 0 0 0.00023858 AJ009933.1 91.55 Prevotella aff. 
123.  32128 0 0 0.000129364 AF218619.1 91.55 Prevotella ruminicola 
124.  25689 0 0 9.44E-05 AY949859.1 91.53 Clostridium sp.  
125.  2142 0 0 0.000259455 AJ496448.2 91.50 Fibrobacter succinogenes 
126.  41117 0 0 0.000137905 AB501155.1 91.49 Prevotella sp. 
127.  42371 0 0 0.000122907 AB501152.1 91.40 Prevotella ruminicola  
128.  5419 0 0 0.000140219 U77339.1 91.35 Butyrivibrio fibrisolvens 
129.  21821 0 0 0.000270119 AB501153.1 91.34 Prevotella ruminicola 
130.  136 0 0 0.00457495 AB501173.1 91.28 Prevotella ruminicola. 
131.  1923 0 0 0.000460531 AF030447.1 91.23 Ruminococcus flavefaciens 
132.  41985 0 0 0.000220854 AF218619.1 91.16 Prevotella ruminicola  
133.  7459 0 0 0.00017871 HM626173.1 91.13 Oscillibacter sp. 
134.  4322 0 0 0.000577328 AB501155.1 91.08 Prevotella sp. 
135.  31914 0 0 0.000128125 AB501163.1 91.07 Prevotella ruminicola  
136.  33542 0 0 0.000183649 AB547674.1 90.98 Prevotella bivia 
137.  7524 0 0 0.000199887 AF218619.1 90.87 Prevotella ruminicola 
138.  23836 0 0 0.000198738 AJ009933.1 90.87 Prevotella aff. ruminicola 
139.  594 0 0 0.000400913 AB008552.1 90.85 Eubacterium ruminantium 
140.  29045 0 0 0.000144453 AB501155.1 90.84 Prevotella sp.  
141.  7372 0 0 0.000285606 HM626173.1 90.80 Oscillibacter sp.  
142.  8581 0 0 9.93E-05 AB501166.1 90.69 Prevotella sp. 
143.  750 0 0 0.000428712 EU728700.1 90.59 Coprococcus sp. 
144.  10575 0 0 0.000433087 AB501167.1 90.57 Prevotella ruminicola. 
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145.  28425 0 0 9.94E-05 DQ479419.1 90.55 Desulfotomaculum sp. 
146.  1714 0 0 0.000238699 DQ882649.1 90.50 Ruminococcus bromii  
147.  10408 0 0 0.000180018 AB501155.1 90.37 Prevotella sp. 
148.  22865 0 0 0.000187833 AM920691.1 90.33 Ruminococcus flavefaciens 
149.  30728 0 0 0.000175687 GU566697.1 90.28 Treponema sp. 
150.  20601 0 0 0.000185262 AB501173.1 90.16 Prevotella ruminicola 
151.  6834 0 0 4.21E-05 U41169.1 90.12 Butyrivibrio fibrisolvens 
152.  25419 0 0 0.000695674 AY487928.1 90.10 Acetanaerobacterium elongatum. 
153.  4712 0 0 0.000222159 AB501155.1 90.08 Prevotella sp. 
154.  26414 0 0 0.000388567 AB501155.1 90.02 Prevotella sp.  
155.  22400 0 0 0.000214885 ACUZ02000034.1 90.02 Prevotella oris 
156.  25316 0 0 0.000136479 AF218619.1 90.02 Prevotella ruminicola 
157.  5904 0 0 3.72E-05 AB501166.1 89.96 Prevotella sp. 
158.  28717 0 0 2.99E-05 AB501166.1 89.94 Prevotella sp. 
159.  497 0 0 0.000489335 M25050.1 89.89 Anaeroplasma abactoclasticum 
160.  5586 0 0 0.000154234 AJ009933.1 89.78 Prevotella aff. 
161.  35773 0 0 0.000216308 AB501155.1 89.76 Prevotella sp.  
162.  29138 0 0 0.000181285 AJ009933.1 89.74 Prevotella aff. ruminicola 
163.  37911 0 0 0.000173869 AB501155.1 89.74 Prevotella sp. 
164.  20290 0 0 6.58E-05 EF564277.1 89.60 Clostridium lavalense 
165.  33794 0 0 0.00023589 AF537212.1 89.57 Prevotella sp. 
166.  15905 0 0 2.86E-05 EU266552.1 89.48 Coprococcus catus  
167.  3184 0 0 0.000198738 U41168.1 89.39 Butyrivibrio fibrisolvens 
168.  29271 0 0 0.000428712 AB501155.1 89.34 Prevotella sp.  
169.  9262 0 0 0.000513155 AF487886.1 89.16 Prevotella sp. 
170.  30637 0 0 0.000272018 AB501155.1 89.15 Prevotella sp. 
171.  140 0 0 0.003130048 AF537212.1 89.05 Prevotella sp. 
172.  2215 0 0 5.73E-05 HM037995.1 89.00 Eubacterium coprostanoligenes 
173.  11 0 0 0.017446341 AB501155.1 88.96 Prevotella sp. 
174.  28635 0 0 0.000213553 AB501155.1 88.96 Prevotella sp. 
175.  26180 0 0 0.000181444 AB501155.1 88.95 Prevotella sp.  
176.  6411 0 0 0.000267083 AY804151.1 88.93 Eubacterium rectale 
177.  30475 0 0 0.002905675 AY880054.1 88.92 Prevotella sp. 
178.  4541 0 0 5.86E-05 EU346756.1 88.91 Butyrivibrio fibrisolvens  
179.  19781 0 0 0.000268509 AJ305238.1 88.70 Clostridium leptum 
180.  251 0 0 0.001004987 M25050.1 88.51 Anaeroplasma abactoclasticum. 
181.  24908 0 0 0.00056719 AF537212.1 88.48 Prevotella sp. 
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182.  2043 0 0 0.000568177 AB247144.1 88.42 Bacteroides uniformis. 
183.  14126 0 0 0.000490733 M25050.1 88.37 Anaeroplasma abactoclasticum 
184.  25042 0 0 0.000165234 AB501155.1 88.19 Prevotella sp.  
185.  26955 0 0 0.000166567 AB547637.1 88.14 Bacteroides chinchillae 
186.  34 0 0 0.006413697 AB501155.1 88.12 Prevotella sp. 
187.  26702 0 0 0.000180046 AB501166.1 88.00 Prevotella sp. 
188.  1655 0 0 0.000172835 AB247144.1 88.00 Bacteroides uniformis 
189.  13382 0 0 0.000137812 AY833426.1 87.96 Ethanologenbacterium harbinense 
190.  35004 0 0 0.000166474 AB501155.1 87.95 Prevotella sp. 
191.  19234 0 0 0.000192351 AY082449.1 87.91 Bacteroides sp 
192.  1466 0 0 8.84E-05 AB253730.1 87.90 Bacteroides barnesiae 
193.  721 0 0 0.000351613 EU281854.1 87.85 Eubacterium sp. 
194.  4761 0 0 0.000177421 FJ889653.1 87.84 Ruminococcus sp 
195.  39344 0 0 0.001514092 AB501155.1 87.73 Prevotella sp. 
196.  1323 0 0 0.000601406 AF218620.1 87.73 Prevotella ruminicola. 
197.  1662 0 0 0.000114341 AY178844.1 87.73 Treponema sp. 
198.  19023 0 0 0.000260906 AJ009933.1 87.71 Prevotella aff. 
199.  7624 0 0 0.00026949 AB247144.1 87.70 Bacteroides uniformis 
200.  353 0 0 0.000500794 EU281854.1 87.67 Eubacterium sp. 
201.  35654 0 0 0.00017281 AB501155.1 87.67 Prevotella sp. 
202.  836 0 0 2.99E-05 FJ465164.1 87.65 Clostridium cellulosi 
203.  29571 0 0 0.000884721 AB247146.1 87.60 Bacteroides uniformis. 
204.  19413 0 0 0.000185373 AB491208.1 87.60 Clostridium sp. 
205.  1680 0 0 0.000157746 HM626173.1 87.58 Oscillibacter sp. 
206.  5122 0 0 0.00039093 M23934.1 87.55 Anaeroplasma varium 
207.  8493 0 0 3.72E-05 EU815224.1 87.53 Clostridium sp. 
208.  41824 0 0 0.00022361 GU566698.1 87.47 Treponema sp. 
209.  425 0 0 0.000669746 ACEC01000059.1 87.32 Clostridium methylpentosum. 
210.  13877 0 0 3.72E-05 EU815224.1 87.19 Clostridium sp. 
211.  1992 0 0 0.000581171 EU281854.1 87.16 Eubacterium sp. 
212.  10822 0 0 0.000706257 EU728713.1 87.15 Prevotella sp. 
213.  39306 0 0 0.000315445 FP929061.1 87.12 Clostridiales sp. 
214.  31128 0 0 0.000157839 NR_028816.1 87.12 Turicibacter sanguinis  
215.  42705 0 0 0.000448437 AY949859.1 87.11 Clostridium sp. 
216.  11965 0 0 0.000275689 EU281854.1 87.05 Eubacterium sp. 
217.  33863 0 0 0.000315233 EU281854.1 87.04 Eubacterium sp. 
218.  27846 0 0 0.000182802 AB501155.1 87.03 Prevotella sp. 
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219.  163 0 0 0.001628112 AB247144.1 86.90 Bacteroides uniformis. 
220.  3282 0 0 0.000100703 EU815224.1 86.89 Clostridium sp. 
221.  16432 0 0 0.000208561 AB093546.1 86.85 Clostridium sp.  
222.  218 0 0 0.000906934 EU281854.1 86.69 Eubacterium sp. 
223.  1490 0 0 0.00036041 EU281854.1 86.69 Eubacterium sp.  
224.  6714 0 0 0.000124333 HM626173.1 86.61 Oscillibacter sp. 
225.  200 0 0 0.000713571 EU158190.1 86.53 Clostridium sp. 
226.  1573 0 0 0.00017281 EU281854.1 86.36 Eubacterium sp. 
227.  252 0 0 0.003511182 AY949859.1 86.35 Clostridium sp.  
228.  24692 0 0 0.000237369 AB215082.1 86.32 Bacteroides uniformis  
229.  1954 0 0 0.000201471 EU561065.2 86.31 Bradyrhizobium sp. 
230.  38199 0 0 0.000346952 EU281854.1 86.29 Eubacterium sp. 
231.  3654 0 0 0.000254678 EU281854.1 86.21 Eubacterium sp.  
232.  237 0 0 0.000730279 Z49863.1 86.16 Sporobacter termitidis. 
233.  16745 0 0 2.87E-05 EU281854.1 86.14 Eubacterium sp. 
234.  1121 0 0 0.000252246 EU281854.1 86.06 Eubacterium sp. 
235.  335 0 0 0.000869704 AB537982.1 86.01 Hydrogenoanaerobacterium sp. 
236.  39426 0 0 0.0006927 EU815224.1 85.83 Clostridium sp. 
237.  928 0 0 0.00010061 DQ882650.1 85.82 Ruminococcus sp. 
238.  24533 0 0 0.000160296 AJ318889.1 85.79 Ruminococcus sp. 
239.  30871 0 0 0.00020868 AB501151.1 85.66 Prevotella ruminicola 
240.  8705 0 0 6.59E-05 HM626173.1 85.50 Oscillibacter sp. 
241.  9233 0 0 0.000350122 AY538170.1 85.47 Acholeplasma parvum  
242.  7935 0 0 0.000181562 EU281854.1 85.35 Eubacterium sp. 
243.  33123 0 0 0.000180205 AB501170.1 85.24 Prevotella brevis 
244.  23958 0 0 2.86E-05 AJ318889.1 85.11 Ruminococcus sp. 
245.  2775 0 0 0.000609894 AJ318889.1 85.04 Ruminococcus sp. 
246.  15727 0 0 0.000250702 AY445592.1 85.01 Ruminococcus albus 
247.  1741 0 0 0.000401728 AY695840.1 85.00 Opitutus sp.  
248.  28202 0 0 0.000265909 AY005061.1 84.97 Prevotella sp. 
249.  867 0 0 0.000604894 EU266549.1 84.95 Ruminococcus bromii. 
250.  22375 0 0 0.000182895 CP002158.1 84.90 Fibrobacter subsp 
251.  27925 0 0 0.000200892 AB501155.1 84.89 Prevotella sp.  
252.  24581 0 0 0.000229921 AB558487.1 84.88 Eubacterium cylindroides 
253.  2383 0 0 0.000136479 Y18181.1 84.87 Clostridium methylpentosum 
254.  3967 0 0 9.57E-05 AJ318889.1 84.83 Ruminococcus sp. 
255.  793 0 0 0.000409644 AB558487.1 84.69 Eubacterium cylindroides 
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256.  364 0 0 0.001162385 AJ318889.1 84.67 Ruminococcus sp. 
257.  19423 0 0 2.87E-05 EU815224.1 84.65 Clostridium sp. 
258.  4671 0 0 0.000126422 AJ318889.1 84.60 Ruminococcus sp. 
259.  25424 0 0 8.43E-05 AJ318889.1 84.58 Ruminococcus sp. 
260.  801 0 0 5.58E-05 Y11466.1 84.54 Holdemania filiformis 
261.  753 0 0 0.000284579 EU281854.1 84.38 Eubacterium sp.  
262.  18442 0 0 2.86E-05 EU281854.1 84.38 Eubacterium sp. 
263.  311 0 0 0.000417506 DQ882650.1 84.37 Ruminococcus sp. 
264.  24950 0 0 0.000171571 AJ318889.1 84.33 Ruminococcus sp. 
265.  2003 0 0 0.000152808 AJ318889.1 84.33 Ruminococcus sp. 
266.  18497 0 0 8.85E-05 AJ318889.1 84.33 Ruminococcus sp.  
267.  12598 0 0 0.000191436 AJ318889.1 84.27 Ruminococcus sp. 
268.  31028 0 0 0.039711192 EU728719.1 84.18 Alistipes sp. 
269.  916 0 0 0.000144453 EU281854.1 84.18 Eubacterium sp.  
270.  15820 0 0 0.000173115 EU728719.1 84.09 Alistipes sp 
271.  3528 0 0 0.000657964 AB238924.1 84.04 Parabacteroides distasonis. 
272.  3242 0 0 0.000274544 AJ318889.1 84.02 Ruminococcus sp. 
273.  1771 0 0 0.000192258 EU728719.1 83.98 Alistipes sp. 
274.  9736 0 0 0.000302835 AF487886.1 83.94 Prevotella sp. 
275.  41406 0 0 0.000423185 EU281854.1 83.87 Eubacterium sp. 
276.  6180 0 0 0.000228735 EU281854.1 83.87 Eubacterium sp.  
277.  37020 0 0 2.99E-05 AJ318889.1 83.83 Ruminococcus sp. 
278.  7703 0 0 0.000156693 EU281854.1 83.81 Eubacterium sp. 
279.  1958 0 0 0.002424075 AB554232.1 83.76 Alistipes putredinis. 
280.  21937 0 0 0.000322927 EU728719.1 83.76 Alistipes sp. 
281.  28555 0 0 0.00018505 GU811875.1 83.76 Clostridium innocuum 
282.  3096 0 0 0.000220801 AY699280.1 83.71 Lachnospira pectinoschiza 
283.  442 0 0 0.001697531 AJ318889.1 83.62 Ruminococcus sp. 
284.  10113 0 0 0.000199887 EU281854.1 83.60 Eubacterium sp. 
285.  778 0 0 0.000476317 AJ318889.1 83.58 Ruminococcus sp. 
286.  27691 0 0 7.20E-05 AJ318889.1 83.58 Ruminococcus sp.  
287.  42395 0 0 0.023943963 EU728719.1 83.57 Alistipes sp 
288.  6879 0 0 0.000145693 AE015928.1 83.57 Bacteroides thetaiotaomicron 
289.  14853 0 0 0.000173775 CP002158.1 83.47 Fibrobacter subsp 
290.  31096 0 0 0.002319037 EU728719.1 83.40 Alistipes sp. 
291.  8522 0 0 0.000402364 AJ518872.1 83.37 Bacteroides sp.  
292.  1799 0 0 0.000378827 AJ518872.1 83.37 Bacteroides sp. 
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293.  2157 0 0 0.000687123 AJ318889.1 83.33 Ruminococcus sp. 
294.  1053 0 0 0.000394461 GQ140629.1 83.33 Alistipes sp. 
295.  5049 0 0 0.000144242 GU968170.1 83.33 Clostridium orbiscindens 
296.  10428 0 0 0.000374007 AB548674.1 83.27 Dysgonomonas capnocytophagoides  
297.  0 0 0 0.097977224 EU728719.1 83.24 Alistipes sp. 
298.  8231 0 0 0.000885615 AJ518872.1 83.20 Bacteroides sp. 
299.  31641 0 0 0.000192351 GQ140629.1 83.20 Alistipes sp. 
300.  8292 0 0 0.000159265 GU561346.1 83.18 Prevotella melaninogenica  
301.  1201 0 0 0.00034911 EU728719.1 83.17 Alistipes sp. 
302.  9180 0 0 0.000195228 EU281854.1 83.16 Eubacterium sp. 
303.  5392 0 0 0.000171969 AB490809.1 83.16 Catabacter sp 
304.  33241 0 0 0.000488068 AB547662.1 83.13 Porphyromonas gingivicanis. 
305.  21784 0 0 8.71E-05 X81125.1 83.06 Clostridium viride 
306.  41737 0 0 0.000344474 AB554230.1 83.00 Alistipes finegoldii. 
307.  5495 0 0 0.000144267 EU815226.1 82.98 Anaerotruncus sp. 
308.  8269 0 0 0.00022455 AJ784993.1 82.96 Alkaliflexus imshenetskii 
309.  2884 0 0 0.000321461 AB547681.1 82.93 Prevotella dentasini 
310.  9598 0 0 0.000375296 AJ784993.1 82.79 Alkaliflexus imshenetskii. 
311.  30026 0 0 0.000243425 AJ518872.1 82.79 Bacteroides sp. 
312.  16764 0 0 0.000240975 AM920691.1 82.77 Ruminococcus flavefaciens 
313.  685 0 0 0.001896521 EU281854.1 82.76 Eubacterium sp. 
314.  32723 0 0 0.000284355 EU728719.1 82.76 Alistipes sp. 
315.  34582 0 0 0.000150211 AJ318864.1 82.72 Ruminococcus sp. 
316.  1785 0 0 0.000429991 CP002158.1 82.71 Fibrobacter subsp. 
317.  962 0 0 0.000333156 EU728719.1 82.70 Alistipes sp. 
318.  865 0 0 0.00031226 AB182484.1 82.69 Prevotella multiformis 
319.  11377 0 0 0.000180046 ACUZ02000034.1 82.69 Prevotella oris 
320.  13902 0 0 0.000255849 HM489953.1 82.68 Exiguobacterium sp. 
321.  1955 0 0 0.00022574 AB490809.1 82.63 Catabacter sp. 
322.  264 0 0 0.001064275 AF487886.1 82.60 Prevotella sp. 
323.  10303 0 0 0.000519538 AB015525.1 82.59 deep-sea sediment clone. 
324.  34678 0 0 0.000277966 AJ518872.1 82.59 Bacteroides sp. 
325.  7773 0 0 0.000166474 AJ318889.1 82.58 Ruminococcus sp. 
326.  30467 0 0 5.98E-05 AY574991.1 82.58 Catabacter hongkongensis 
327.  31342 0 0 0.000222159 CP002122.1 82.57 Prevotella melaninogenica 
328.  10085 0 0 0.000864162 AJ518872.1 82.56 Bacteroides sp. 
329.  1891 0 0 0.00040227 AJ518872.1 82.56 Bacteroides sp. 
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330.  7860 0 0 0.000145599 AB015525.1 82.56 deep-sea sediment clone 
331.  31416 0 0 0.000288508 AB501166.1 82.55 Prevotella sp.  
332.  7354 0 0 0.000230226 AB491208.1 82.54 Clostridium sp. 
333.  8431 0 0 0.000333221 AB053942.1 82.46 Tannerella forsythensis 
334.  38422 0 0 0.000202225 M58766.2 82.46 Cytophaga fermentans 
335.  4346 0 0 0.000132874 AJ318889.1 82.44 Ruminococcus sp.  
336.  37373 0 0 0.000157933 AB015525.1 82.42 deep-sea sediment clone 
337.  14226 0 0 0.000912025 FJ545433.1 82.40 Prevotella genomo sp. 
338.  23771 0 0 0.00023589 EU057606.1 82.40 Clostridium sp. 
339.  1270 0 0 0.000653723 EU281854.1 82.39 Eubacterium sp. 
340.  9953 0 0 0.000350284 AB554230.1 82.35 Alistipes finegoldii 
341.  34251 0 0 0.000179953 EU281854.1 82.34 Eubacterium sp.  
342.  1720 0 0 0.00032057 AB049195.1 82.33 Bacillus funiculus  
343.  7654 0 0 0.000761817 AB554232.1 82.29 Alistipes putredinis. 
344.  29938 0 0 0.000245156 AB547680.1 82.24 Prevotella denticola 
345.  1367 0 0 0.000373939 EU281854.1 82.22 Eubacterium sp.  
346.  899 0 0 0.000337857 GQ140629.1 82.22 Alistipes sp. 
347.  180 0 0 0.002922081 AB238922.1 82.19 Parabacteroides distasonis. 
348.  1943 0 0 0.001253675 EU728719.1 82.19 Alistipes sp. 
349.  2061 0 0 0.000306692 AM980879.1 82.18 Hevizibacter sp. 
350.  4291 0 0 0.000141577 AB186360.1 82.11 Clostridium sp. 
351.  3790 0 0 0.000525348 AB238922.1 81.98 Parabacteroides distasonis 
352.  8350 0 0 0.000389143 EU728719.1 81.95 Alistipes sp. 
353.  1746 0 0 0.000294689 DQ882649.1 81.95 Ruminococcus bromi 
354.  33268 0 0 0.000417592 AB362212.1 81.93 Leptobacterium flavescens 
355.  8893 0 0 0.000246729 EU728713.1 81.85 Prevotella sp. 
356.  953 0 0 0.000524922 AJ518872.1 81.74 Bacteroides sp. 
357.  38287 0 0 0.000329018 AY518589.1 81.73 Acetanaerobacterium elongatum 
358.  8373 0 0 0.000191529 AB053941.1 81.71 Tannerella forsythensis 
359.  931 0 0 0.000458771 ACEP01000116.1 81.70 Eubacterium hallii  
360.  8558 0 0 0.000197542 EU281854.1 81.62 Eubacterium sp. 
361.  22562 0 0 0.000238045 AJ431235.1 81.57 Cytophaga sp. 
362.  27716 0 0 0.000364884 AB260026.1 81.55 Bacteroides coprophilus. 
363.  2466 0 0 0.000216075 EU281854.1 81.54 Eubacterium sp.  
364.  1218 0 0 0.000158026 EU728719.1 81.54 Alistipes sp. 
365.  1054 0 0 0.000608219 ACPW01000017.1 81.50 Parabacteroides sp. 
366.  29023 0 0 0.000739427 AB247144.1 81.49 Bacteroides uniformis. 
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367.  1388 0 0 8.72E-05 EF999972.1 81.37 Haloplasma contractile 
368.  21872 0 0 0.000170169 EU728719.1 81.34 Alistipes sp 
369.  1989 0 0 0.001979716 AB362814.1 81.33 Ilumomonas thalassia. 
370.  9716 0 0 5.71E-05 NC_009012.1 81.33 Clostridium thermocellum 
371.  25302 0 0 9.44E-05 M23732.1 81.24 Clostridium innocuum 
372.  830 0 0 0.000316566 X71846.1 81.21 Clostridium aldrichii. 
373.  8218 0 0 0.000171384 EU728719.1 81.21 Alistipes sp 
374.  160 0 0 0.000131728 X87110.1 81.18 Kineosporia aurantiaca 
375.  7696 0 0 0.000288627 EU281854.1 81.14 Eubacterium sp. 
376.  145 0 0 0.001536267 L16498.1 81.08 Rikenella microfusus. 
377.  28010 0 0 0.000586498 AB267809.1 81.04 Barnesiella viscericola. 
378.  110 0 0 0.001425759 AB501165.1 80.95 Prevotella sp. 
379.  11535 0 0 0.001240097 ACPW01000017.1 80.94 Parabacteroides sp. 
380.  8519 0 0 0.000161442 EU281854.1 80.93 Eubacterium sp. 
381.  49 0 0 0.003672584 AY989908.1 80.88 Pontibacter actiniorum. 
382.  14137 0 0 0.000775422 AB510704.1 80.80 Bacteroides nordii. 
383.  197 0 0 0.000319648 AE015928.1 80.77 Bacteroides thetaiotaomicron  
384.  522 0 0 0.000571621 ADCM01000022.1 80.76 Bacteroidetes oral taxon. 
385.  32197 0 0 4.21E-05 EF491666.1 80.73 Spiroplasma sp. 
386.  158 0 0 0.001472985 AB443949.1 80.61 Butyricimonas virosa. 
387.  1305 0 0 0.000237064 L16498.1 80.60 Rikenella microfusus 
388.  1881 0 0 0.000403419 AB547649.1 80.56 Odoribacter splanchnicus. 
389.  28961 0 0 0.000186289 AY574991.1 80.53 Catabacter hongkongensis 
390.  2096 0 0 0.00018023 DQ517535.1 80.40 Anaerophaga sp 
391.  461 0 0 0.000490547 AJ629069.1 80.35 Eubacterium sp. 
392.  26584 0 0 8.43E-05 NR_025711.1 80.28 Spiroplasma syrphidicola  
393.  35627 0 0 0.000150211 AJ318889.1 80.26 Ruminococcus sp. 
394.  3358 0 0 0.000168837 AJ311394.1 80.20 Acholeplasma axanthum 
395.  2687 0 0 0.000426087 AB547704.1 80.16 Prevotella paludivivens. 
396.  27410 0 0 0.000217314 EF494749.1 80.16 Erysipelothrix sp.  
397.  822 0 0 0.000683322 AJ629069.1 80.11 Eubacterium sp. 
398.  1763 0 0 0.000415276 AY189127.1 80.09 Spiroplasma chrysopicola 
399.  28421 0 0 0.000156507 AB554232.1 79.96 Alistipes putredinis 
400.  14795 0 0 0.001815485 EF491994.1 79.95 Pseudoalteromonas sp. 
401.  20393 0 0 0.0001566 FJ179538.1 79.95 Sphingobacterium sp. 
402.  202 0 0 0.001050877 ACQH01000158.1 79.92 Prevotella sp. 
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404.  4573 0 0 0.000107911 NC_002936.3 79.92 Dehalococcoides ethenogenes 
405.  19233 0 0 0.000180046 AF074410.1 79.79 Streptacidiphilus neutrinimicus 
406.  944 0 0 0.000534961 EU728713.1 79.76 Prevotella sp. 
407.  2041 0 0 0.000478104 AJ629069.1 79.76 Eubacterium sp. 
408.  2655 0 0 0.000304656 ACUZ02000034.1 79.69 Prevotella oris 
409.  27565 0 0 4.21E-05 FN391894.1 79.43 Rhodospirillum sp. 
410.  309 0 0 0.000743528 EU728713.1 79.39 Prevotella sp. 
411.  1972 0 0 0.000415089 DQ285071.1 79.32 Erythrobacter sp. 
412.  1835 0 0 0.000388604 AB547708.1 79.28 Tannerella forsythia. 
413.  1897 0 0 0.001100799 EF693742.1 79.25 Pedobacter kwangyangensis. 
414.  3827 0 0 0.000207347 EF693742.1 79.17 Pedobacter kwangyangensis 
415.  1026 0 0 0.000313122 HM038000.1 79.14 Vampirovibrio chlorellavorus 
416.  3165 0 0 0.000186501 EF014449.1 79.07 Bacillus coahuilensis 
417.  8023 0 0 7.44E-05 HM439459.1 79.07 Paenibacillus lautus 
418.  2017 0 0 0.000459799 AB015525.1 79.03 deep-sea sediment clone 
419.  2121 0 0 0.000219911 M23732.1 78.95 Clostridium innocuum 
420.  2785 0 0 0.00041957 EF693742.1 78.84 Pedobacter kwangyangensis 
421.  10505 0 0 0.000622795 AB554230.1 78.78 Alistipes finegoldii. 
422.  1596 0 0 0.00016638 DQ118955.1 78.71 Sphingomonas 
423.  8646 0 0 0.000197613 GU339183.1 78.67 Pontibacter sp. 
424.  1593 0 0 0.000214128 AF130847.1 78.52 Candidatus Entotheonella palauensis 
425.  29925 0 0 0.000194923 DQ421387.1 78.28 Olivibacter itius 
426.  299 0 0 0.001921362 EF446147.1 78.14 Pedobacter terricola. 
427.  29858 0 0 0.000475529 DQ421387.1 77.91 Olivibacter itius. 
428.  39377 0 0 0.000207282 AY271623.1 77.44 Maribacter sedimenticola 
429.  4675 0 0 0.000217314 EF687743.1 77.39 Bdellovibrio sp. 
430.  5544 0 0 0.000297329 AY989908.1 77.24 Pontibacter actiniorum 
431.  29760 0 0 2.99E-05 GU168019.1 77.20 Roseomonas sp.  
432.  29717 0 0 0.00016638 FJ889677.1 76.26 Maribacter sp. 
433.  9414 0 0 0.000288415 EF693742.1 75.62 Pedobacter kwangyangensis  
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Appendix G. List of 326 OTUs that statistically not presence in camels grazed alone (Cam_Alone_M) but presence both in cattle co-grazed with camels 
(Cat_Co_M) and camels co-grazed with cattle (Cam_Co_M)  with ANOVA analysis using false discovery rate (FDR) correction. OTUs were classified using da ta 
from the Ribosomal Database Project (RDP) and referenced data from the GenBank (BLAST) database. Closest relative and reference according to GenBank is 
listed along with its accession number and percent identity. # Reading value of 1 represent 100% composition, meanwhile E-05 represent value divide by 100,000. 
Number OTU Cam_Alone_M Cat_Co_M # Cam_Co_M # Classification Accession no. Similarity % Bacterium 
1.  2572 0 0.00035213 0.000141508 Lachnospiracea_incertae_sedis   HM104718 100 uncultured Firmicutes bacterium 
2.  796 0 0.00074578 0.0000287 Bacteroidetes JF635675 99.8 uncultured bacterium 
3.  38972 0 0.00068567 0.001078157 Firmicutes JF631378 99.2 uncultured bacterium 
4.  1454 0 0.00043694 0.000111557 Bacteroidetes HM104768 98.7 uncultured bacterium 
5.  703 0 0.00018326 0.000821196 Prevotellaceae JF634724 98.5 uncultured bacterium 
6.  1418 0 0.0000511 0.00024497 Bacteroidetes JF538649 98.5 uncultured bacterium 
7.  61 0 0.00126637 0.000136479 Bacteroidetes JF642601 98.5 uncultured bacterium 
8.  19069 0 0.00022127 0.0000287 Butyrivibrio HM104967 98.5 uncultured Firmicutes bacterium 
9.  23282 0 0.0005873 0.000533855 Victivallis HM105091 98.4 uncultured Lentisphaerae bacterium 
10.  48 0 0.00150813 0.00044226 Lachnospiraceae JF615695 98.3 uncultured bacterium 
11.  25870 0 0.00023143 0.00031324 Prevotella JF652085 98.3 uncultured bacterium 
12.  12795 0 0.00030551 0.0000658 Bacteroidetes JF656907 98.3 uncultured bacterium 
13.  39974 0 0.00104283 0.000204348 unclassified_Bacteria   JF656604 97.7 uncultured bacterium 
14.  26334 0 0.00121592 0.002152268 Firmicutes JF640033 97.3 uncultured bacterium 
15.  168 0 0.00019747 0.00143883 Lachnospiraceae JF628239 97.3 uncultured bacterium 
16.  7414 0 0.00016864 0.00014167 Lachnospiraceae JF644715 97.3 uncultured bacterium 
17.  173 0 0.00026903 0.002402312 Lachnospiraceae JF624777 97.2 uncultured bacterium 
18.  37910 0 0.00020259 0.000403908 Bacteroidetes JF663671 97.1 uncultured bacterium 
19.  537 0 0.00090589 0.0000286 Bacteroidetes JF643979 97.1 uncultured bacterium 
20.  23153 0 0.00016416 0.000667199 Fibrobacter HM105476 97 uncultured bacterium 
21.  37624 0 0.0001848 0.000518389 Ruminococcus HM104770 96.9 uncultured Firmicutes bacterium 
22.  176 0 0.00015442 0.000313172 Ruminococcaceae JF628264 96.9 uncultured bacterium 
23.  30126 0 0.00073969 0.000203676 Firmicutes JF635798 96.8 uncultured bacterium 
24.  3029 0 0.00033224 0.0000573 Ruminococcaceae JF618716 96.5 uncultured bacterium 
25.  653 0 0.00014995 0.0000299 Fibrobacter HM104731 96.5 uncultured bacterium 
26.  1512 0 0.00061387 0.0000287 Bacteroidales HM104790 96.5 uncultured Bacteroidetes bacterium 
27.  26291 0 0.00051501 0.0000372 Porphyromonadaceae JF667369 96.3 uncultured bacterium 
28.  22440 0 0.00034889 0.0000558 Firmicutes JN802916 96.2 uncultured organism 
29.  42065 0 0.00024702 0.0000287 Prevotellaceae HM104930 96.2 uncultured bacterium 
30.  24313 0 0.0007335 0.00034652 Lachnospiraceae JF646450 96.1 uncultured bacterium 
31.  1152 0 0.00021526 0.000890341 Prevotella JF662978 96 uncultured bacterium 
32.  42365 0 0.0000669 0.000870299 Prevotella JF630078 96 uncultured bacterium 
33.  6604 0 0.00023102 0.0000287 Bacteroidetes JN803786 95.9 uncultured bacterium 
34.  28402 0 0.0000669 0.000151662 Ruminococcaceae HM104742 95.8 uncultured bacterium 
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35.  4082 0 0.0000511 0.0000299 Ruminococcaceae JF535121 95.8 uncultured bacterium 
36.  376 0 0.0004336 0.00091086 Lachnospiraceae EU842477 95.6 uncultured bacterium 
37.  1514 0 0.00110026 0.000170169 Bacteroidales JF618145 95.6 uncultured bacterium 
38.  345 0 0.00300367 0.0000944 Bacteroidetes JF533260 95.6 uncultured bacterium 
39.  6043 0 0.00010219 0.0000421 unclassified_Bacteria JF630440 95.6 uncultured bacterium 
40.  29 0 0.00088678 0.0000372 Lachnospiraceae JF632361 95.5 uncultured bacterium 
41.  2114 0 0.00033922 0.0000299 Prevotellaceae JF638174 95.3 uncultured bacterium 
42.  16749 0 0.0000669 0.002663599 Fibrobacter JF646765 95.2 uncultured bacterium 
43.  28524 0 0.00010333 0.000124333 Spirochaetales JF613790 95.2 uncultured bacterium 
44.  35759 0 0.00029656 0.0000708 Anaerovibrio JF622132 95.1 uncultured bacterium 
45.  2979 0 0.00014995 0.0000586 Ruminococcaceae JF531922 95.1 uncultured bacterium 
46.  759 0 0.00010333 0.000535122 Lachnospiraceae JF636282 95 uncultured bacterium 
47.  17098 0 0.00019853 0.000545438 Victivallis HM104750 94.8 uncultured Lentisphaerae bacterium 
48.  1079 0 0.00034938 0.000543171 Porphyromonadaceae JF666939 94.8 uncultured bacterium 
49.  8948 0 0.00026302 0.000205401 Prevotella JF616643 94.8 uncultured bacterium 
50.  964 0 0.00101423 0.000182316 Firmicutes JF621639 94.8 uncultured bacterium 
51.  598 0 0.0000511 0.000214951 Lachnospiraceae JF637060 94.7 uncultured bacterium 
52.  1238 0 0.00010219 0.000142909 Lachnospiraceae JF661902 94.6 uncultured bacterium 
53.  20824 0 0.00053132 0.000102973 Prevotellaceae HM104930 94.5 uncultured Bacteroidetes bacterium 
54.  19160 0 0.00043109 0.0000286 Bacteroidales JF654768 94.5 uncultured bacterium 
55.  465 0 0.00010333 0.000428407 Bacteroidetes JF655680 94.4 uncultured bacterium 
56.  808 0 0.00011795 0.000340289 Bacteroidetes JF571108 94.4 uncultured bacterium 
57.  41075 0 0.00032874 0.000137905 Firmicutes JF640033 94.3 uncultured bacterium 
58.  13690 0 0.00021567 0.000104305 Ruminococcaceae JQ866873 94.3 uncultured bacterium 
59.  19946 0 0.00040006 0.0000421 Victivallis HM104750 94.3 uncultured Lentisphaerae bacterium 
60.  512 0 0.00016571 0.0000372 Lachnospiraceae JF639055 94.3 uncultured bacterium 
61.  14819 0 0.0002168 0.000270823 Saccharofermentans HM104862 94.2 uncultured Firmicutes bacterium 
62.  34660 0 0.00034807 0.000161629 unclassified_Bacteria JF633202 94.2 uncultured bacterium 
63.  954 0 0.00019812 0.000156323 Ruminococcaceae JN803310 94.2 uncultured organism 
64.  1223 0 0.00154306 0.0000708 Ruminococcaceae JF536911 94.2 uncultured bacterium 
65.  16799 0 0.00015442 0.0000421 TM7_genera_incertae_sedis JF644147 94.2 uncultured bacterium 
66.  670 0 0.00129571 0.0000299 Bacteroidales JF621885 94.2 uncultured bacterium 
67.  1551 0 0.00071971 0.0000286 Firmicutes JF536706 94.2 uncultured bacterium 
68.  3497 0 0.0000653 0.000536962 Butyrivibrio AY578590 94.1 uncultured bacterium 
69.  8833 0 0.0000653 0.0000944 unclassified_Bacteria   JF656275 94.1 uncultured bacterium 
70.  12755 0 0.0000989 0.0000708 Bacteroidetes HM104980 94.1 uncultured Bacteroidetes bacterium 
71.  10194 0 0.00037163 0.0000299 Lachnospiraceae JN834653 94.1 uncultured bacterium 
72.  825 0 0.00019747 0.000489494 Firmicutes JF642029 94 uncultured bacterium 
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73.  28 0 0.00130489 0.000170026 Bacteroidetes JF635463 94 uncultured bacterium 
74.  21387 0 0.00030186 0.003465024 Victivallis HM104750 93.9 uncultured Lentisphaerae bacterium 
75.  519 0 0.0000993 0.000602939 Lachnospiraceae HM104818 93.9 uncultured Firmicutes bacterium 
76.  491 0 0.00085609 0.0000558 Bacteroidales JF622187 93.9 uncultured bacterium 
77.  4806 0 0.00061394 0.0000299 Porphyromonadaceae JF652841 93.9 uncultured bacterium 
78.  234 0 0.00066788 0.0000286 Prevotella JF659817 93.9 uncultured bacterium 
79.  177 0 0.00101798 0.001211145 Bacteroidetes JF639976 93.8 uncultured bacterium 
80.  2147 0 0.00022013 0.000192445 Anaeroplasma JF628418 93.8 uncultured bacterium 
81.  450 0 0.00010333 0.001124264 Ruminococcus EU473073 93.7 uncultured bacterium 
82.  26061 0 0.00063953 0.0000671 Treponema JF656908 93.7 uncultured bacterium 
83.  25895 0 0.0000993 0.000282359 Prevotella JF628622 93.6 uncultured bacterium 
84.  10990 0 0.00040298 0.0000843 Clostridiales JF630063 93.6 uncultured bacterium 
85.  33529 0 0.00016864 0.0000707 unclassified_Bacteria   JF631241 93.5 uncultured bacterium 
86.  876 0 0.00027082 0.000229395 Elusimicrobium JF630276 93.4 uncultured bacterium 
87.  92 0 0.00118214 0.002027343 Ruminococcaceae GU563944 93.3 uncultured bacterium 
88.  15111 0 0.00029942 0.0000572 Sporobacter HM104905 93.3 uncultured Firmicutes bacterium 
89.  33092 0 0.0000653 0.000340199 Prevotella JF640055 93.2 uncultured bacterium 
90.  569 0 0.00069996 0.000294359 Porphyromonadaceae JF630974 93.2 uncultured bacterium 
91.  4962 0 0.00030145 0.000259666 Victivallis HM105091 93.2 uncultured Lentisphaerae bacterium 
92.  9768 0 0.0000511 0.000231279 Prevotella AF018539 93.2 uncultured bacterium 
93.  3193 0 0.00021721 0.0000558 Clostridiales AY578471 93.2 uncultured bacterium 
94.  22191 0 0.0000653 0.0000372 Olsenella HM105217 93.2 uncultured bacterium 
95.  1808 0 0.00021526 0.000264458 Lachnospiraceae JF659542 93.1 uncultured bacterium 
96.  29899 0 0.0000669 0.00682183 Sphingobacteriaceae JX272169 93 uncultured rumen bacterium 
97.  128 0 0.00018326 0.002262051 Ruminococcaceae JF663540 93 uncultured bacterium 
98.  630 0 0.00010333 0.001096895 Bacteroidetes JF658439 93 uncultured bacterium 
99.  59 0 0.00030031 0.000238515 Lachnospiraceae JF661859 93 uncultured bacterium 
100.  22198 0 0.00015328 0.0000558 Lachnospiraceae HM104802 93 uncultured bacterium 
101.  5670 0 0.0000669 0.0000421 Clostridiales AB244104 93 uncultured bacterium 
102.  2463 0 0.00025011 0.0000299 Clostridiales JF539638 93 uncultured bacterium 
103.  13886 0 0.00027196 0.0000287 Victivallis HM105091 93 uncultured bacterium 
104.  27983 0 0.00031696 0.0000286 unclassified_Bacteria JF614081 93 uncultured bacterium 
105.  25785 0 0.0000653 0.000755799 Ruminococcaceae JF631768 92.9 uncultured bacterium 
106.  8921 0 0.00044514 0.00019001 Treponema HM104926 92.9 uncultured Spirochaetes bacterium 
107.  23586 0 0.00048113 0.000114341 Prevotella HM104878 92.9 uncultured Bacteroidetes bacterium 
108.  1708 0 0.0000993 0.001777115 Prevotella JF616659 92.8 uncultured bacterium 
109.  344 0 0.00028098 0.000480835 Bacteroidetes JF643640 92.7 uncultured bacterium 
110.  38565 0 0.0025434 0.000393916 Clostridiales HM566208 92.6 uncultured bacterium 
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111.  1097 0 0.0004761 0.000305388 Porphyromonadaceae JF644983 92.6 uncultured bacterium 
112.  21326 0 0.0001164 0.000144242 Victivallis HM104750 92.6 uncultured Lentisphaerae bacterium 
113.  170 0 0.00409548 0.0000372 Anaerosporobacter JQ866877 92.6 uncultured bacterium 
114.  990 0 0.00043849 0.000537971 Ruminococcaceae JF548202 92.5 uncultured bacterium 
115.  28091 0 0.0000653 0.000168787 Prevotella JF662622 92.5 uncultured bacterium 
116.  17161 0 0.00051223 0.0000558 Victivallis HM105091 92.5 uncultured Lentisphaerae bacterium 
117.  2962 0 0.0000653 0.00768093 Fibrobacter JF655714 92.4 uncultured bacterium 
118.  713 0 0.0000511 0.000297921 Clostridiales JF641407 92.4 uncultured bacterium 
119.  24477 0 0.00020665 0.0000793 Victivallis HM105091 92.4 uncultured Lentisphaerae bacterium 
120.  1565 0 0.00068413 0.0000671 Treponema HM104979 92.2 uncultured Spirochaetes bacterium 
121.  3252 0 0.00224169 0.000141508 unclassified_Bacteria JF629532 92.1 uncultured bacterium 
122.  2329 0 0.00062002 0.0000372 Firmicutes JF664988 92.1 uncultured bacterium 
123.  8041 0 0.0000511 0.000152901 Firmicutes JF636789 92 uncultured bacterium 
124.  2156 0 0.00039672 0.0000287 Clostridiales JF561495 92 uncultured bacterium 
125.  14616 0 0.00032054 0.0000287 Ruminococcaceae AB244137 92 uncultured rumen bacterium 
126.  25441 0 0.00046537 0.0000994 Paraprevotella JF625305 91.9 uncultured bacterium 
127.  6423 0 0.00030103 0.000151475 Bacteroidetes JF621904 91.8 uncultured bacterium 
128.  386 0 0.0000511 0.00152124 Treponema JF651912 91.7 uncultured bacterium 
129.  22070 0 0.00023143 0.000191343 Clostridiales JF662021 91.7 uncultured bacterium 
130.  23030 0 0.00066585 0.000093 Porphyromonadaceae JF621638 91.7 uncultured bacterium 
131.  11323 0 0.00038024 0.0000287 Bacteroidetes HM104941 91.7 uncultured Bacteroidetes bacterium 
132.  350 0 0.00180382 0.0000286 Ruminococcaceae AB244137 91.6 uncultured rumen bacterium 
133.  11165 0 0.00036359 0.0000287 Firmicutes JF640033 91.5 uncultured bacterium 
134.  749 0 0.0000511 0.000434444 Bacteroidetes JF615485 91.4 uncultured bacterium 
135.  402 0 0.00118759 0.0000572 Bacteroidales JF539610 91.4 uncultured bacterium 
136.  596 0 0.00015442 0.0000558 Lachnospiraceae JF635973 91.4 uncultured bacterium 
137.  1006 0 0.00010333 0.00021226 Lachnospiraceae JF626502 91.3 uncultured bacterium 
138.  1629 0 0.00036871 0.0000287 Bacteroidetes JF628871 91.3 uncultured bacterium 
139.  480 0 0.00013062 0.000157839 unclassified_Bacteria JF630971 91.2 uncultured bacterium 
140.  28307 0 0.00031493 0.0000372 Treponema JF655963 91.2 uncultured bacterium 
141.  156 0 0.00030389 0.000102973 unclassified_Bacteria   JF648300 91.1 uncultured bacterium 
142.  39688 0 0.00041744 0.0000658 Bacteroidetes JF621904 91.1 uncultured bacterium 
143.  7635 0 0.0001164 0.0000995 Oscillibacter JF639525 90.8 uncultured bacterium 
144.  153 0 0.00101287 0.001934593 Bacteroidetes JF576994 90.7 uncultured bacterium 
145.  16875 0 0.0000993 0.000542888 Bacteroidetes JF660393 90.7 uncultured bacterium 
146.  720 0 0.0016056 0.000222187 Bacteroidetes JF665689 90.7 uncultured bacterium 
147.  6250 0 0.00016864 0.000158752 Lachnospiraceae JF638975 90.7 uncultured bacterium 
148.  12994 0 0.0000993 0.000126905 Lachnospiraceae JF616904 90.7 uncultured bacterium 
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149.  3142 0 0.0000653 0.0000299 Fibrobacter AY578474 90.6 uncultured bacterium 
150.  22892 0 0.0000653 0.000465376 Fibrobacter HM105476 90.4 uncultured Fibrobacteres bacterium 
151.  989 0 0.00015036 0.000158752 unclassified_Bacteria JF655362 90.4 uncultured bacterium 
152.  19442 0 0.00062904 0.000137905 unclassified_Bacteria   JF662248 90.4 uncultured bacterium 
153.  8092 0 0.0000511 0.000190312 Fibrobacter HM104958 90.2 uncultured Fibrobacteres bacterium 
154.  46 0 0.00022127 0.00340729 unclassified_Bacteria JF662670 90.1 uncultured bacterium 
155.  5376 0 0.0000511 0.000124333 Ruminococcaceae HM105337 90.1 uncultured bacterium 
156.  7919 0 0.00011795 0.0000897 unclassified_Bacteria HM105039 90 uncultured bacterium 
157.  228 0 0.00013371 0.001254808 Prevotella JF629813 89.8 uncultured bacterium 
158.  11467 0 0.00019812 0.0000671 Ruminococcaceae JF536911 89.8 uncultured bacterium 
159.  909 0 0.00010333 0.00022611 Ruminococcaceae JF652083 89.7 uncultured bacterium 
160.  38716 0 0.00124429 0.0000372 Clostridiales HM104972 89.7 uncultured Firmicutes bacterium 
161.  712 0 0.00081108 0.0000286 unclassified_Bacteria   AY938975 89.6 uncultured bacterium 
162.  8479 0 0.0005211 0.000198806 Bacteroidetes AY578491 89.5 uncultured bacterium 
163.  3316 0 0.0000511 0.000126581 Ruminococcaceae HM104781 89.4 uncultured Firmicutes bacterium 
164.  15320 0 0.0000511 0.000117031 Olsenella JF632131 89.4 uncultured bacterium 
165.  159 0 0.0000653 0.0000421 Lachnospiraceae JF629589 89.4 uncultured bacterium 
166.  9537 0 0.0000993 0.000131541 Veillonellaceae JF632644 89.3 uncultured bacterium 
167.  650 0 0.00066795 0.0000372 Bacteroidetes HM104825 89.3 uncultured Bacteroidetes bacterium 
168.  2235 0 0.00025011 0.0000372 unclassified_Bacteria   EU475342 89.3 uncultured bacterium 
169.  8993 0 0.0005284 0.0000299 Spirochaetales JF634627 89.3 uncultured bacterium 
170.  25448 0 0.0000511 0.000267335 unclassified_Bacteria JF544163 89.2 uncultured bacterium 
171.  7871 0 0.00036675 0.0000958 Ruminococcaceae HM104742 89.2 uncultured Firmicutes bacterium 
172.  329 0 0.00119976 0.001469329 Porphyromonadaceae JF645764 89.1 uncultured bacterium 
173.  401 0 0.00016416 0.000811322 Bacteroidetes JF556455 89.1 uncultured bacterium 
174.  19115 0 0.0000653 0.000126422 Elusimicrobium JF638298 89.1 uncultured bacterium 
175.  7314 0 0.0000993 0.000121643 Bacteroidetes JF660393 88.9 uncultured bacterium 
176.  20682 0 0.0000511 0.000183745 Ruminococcaceae AY244481 88.8 Oscillospira sp 
177.  4 0 0.0000511 0.014561001 Sphingobacteriaceae JX272169 88.5 uncultured rumen bacterium 
178.  19353 0 0.00011795 0.000125572 Elusimicrobium JQ912916 88.5 uncultured bacterium 
179.  7796 0 0.0000993 0.0000573 Bacteroidales JF661905 88.4 uncultured bacterium 
180.  407 0 0.0003332 0.000113008 Bacteroidetes EU843596 88.2 uncultured bacterium 
181.  221 0 0.00016416 0.0000844 Prevotellaceae JQ866899 88.2 uncultured bacterium 
182.  863 0 0.000747 0.000239639 Ruminococcaceae JQ866897 88.1 uncultured bacterium 
183.  542 0 0.00048064 0.000158026 unclassified_Bacteria JF668020 88.1 uncultured bacterium 
184.  2152 0 0.0000993 0.0000586 Ruminococcaceae JF578934 88.1 uncultured bacterium 
185.  253 0 0.00044847 0.000781309 Clostridiales JF646958 88 uncultured bacterium 
186.  14263 0 0.0000669 0.000117031 Ruminococcus HM104770 88 uncultured bacterium 
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187.  1211 0 0.00036806 0.000275717 Prevotella JF660915 87.9 uncultured bacterium 
188.  2135 0 0.00022013 0.000187833 Bacteroidales JF620662 87.9 uncultured bacterium 
189.  25883 0 0.00029942 0.0000421 Bacteroidales JF662615 87.9 uncultured bacterium 
190.  14609 0 0.0000669 0.0000287 Ruminococcus JF625083 87.9 uncultured bacterium 
191.  18618 0 0.0003246 0.0000421 Ruminococcaceae HM104951 87.7 uncultured Firmicutes bacterium 
192.  10 0 0.00031607 0.014580799 Bacteroidetes HM104885 87.6 uncultured Bacteroidetes bacterium 
193.  1542 0 0.0000511 0.001970164 Prevotella JF628960 87.6 uncultured bacterium 
194.  1085 0 0.00025369 0.000367463 unclassified_Bacteria JF631465 87.6 uncultured bacterium 
195.  439 0 0.00025369 0.000337857 Lachnospiraceae JF661116 87.5 uncultured bacterium 
196.  32029 0 0.00028252 0.0000286 unclassified_Bacteria   JF645186 87.5 uncultured bacterium 
197.  2760 0 0.00011795 0.000252246 Clostridiales JF642727 87.4 uncultured bacterium 
198.  3745 0 0.0001164 0.00021383 Acholeplasma AF018546 87.4 uncultured bacterium 
199.  8031 0 0.0004847 0.0000793 Bacteroidales JF655448 87.4 uncultured bacterium 
200.  35800 0 0.00020259 0.000207282 Bacteroidetes JF542137 87.3 uncultured bacterium 
201.  12308 0 0.0000989 0.0000658 Ruminococcaceae JF640711 87.3 uncultured bacterium 
202.  13861 0 0.00019771 0.000126905 Oscillibacter JF556686 87.2 uncultured bacterium 
203.  14669 0 0.00010219 0.0000872 unclassified_Bacteria JF643821 87 uncultured bacterium 
204.  19567 0 0.00036634 0.0000372 Ruminococcaceae JF549817 87 uncultured bacterium 
205.  27891 0 0.00016416 0.0000658 Firmicutes JF637065 86.7 uncultured bacterium 
206.  183 0 0.0000669 0.007342197 Prevotella JF630078 86.6 uncultured bacterium 
207.  27736 0 0.0000993 0.000137812 Firmicutes JF640033 86.5 uncultured bacterium 
208.  41166 0 0.0000669 0.002371474 Prevotellaceae JF661972 86.3 uncultured bacterium 
209.  40807 0 0.00016864 0.0000372 Bacteroidetes JF643649 86.3 uncultured bacterium 
210.  1634 0 0.00013062 0.0000299 Clostridiales JF549008 86.3 uncultured bacterium 
211.  6057 0 0.0000511 0.0000885 Clostridiales JF630600 86 uncultured bacterium 
212.  27746 0 0.0000669 0.0000573 Ruminococcus HM105047 85.8 uncultured Firmicutes bacterium 
213.  24166 0 0.0000989 0.000178714 Lachnospiraceae JN802922 85.7 uncultured bacterium 
214.  1426 0 0.00027082 0.000373939 unclassified_Bacteria JF619630 85.6 uncultured bacterium 
215.  2446 0 0.00028098 0.0000372 Porphyromonadaceae JF644584 85.6 uncultured bacterium 
216.  19039 0 0.0000989 0.000199887 Prevotellaceae JF628237 85.5 uncultured bacterium 
217.  11816 0 0.00020104 0.000170173 Bacteroidetes AY578507 85.5 uncultured bacterium 
218.  4278 0 0.00016457 0.0000558 Ruminococcaceae JN803854 85.4 uncultured bacterium 
219.  27795 0 0.00081832 0.0000421 Treponema JF630685 85.4 uncultured bacterium 
220.  342 0 0.0000653 0.000345669 Bacteroidales JF664262 85.1 uncultured bacterium 
221.  25208 0 0.00026945 0.0000671 Treponema HM105028 85.1 uncultured bacterium 
222.  1910 0 0.00026456 0.0000421 Ruminococcaceae AY578501 85.1 uncultured bacterium 
223.  13697 0 0.00023102 0.000253604 Ruminococcus FJ032473 85 uncultured bacterium 
224.  2260 0 0.00021721 0.000173022 unclassified_Bacteria JF662076 85 uncultured bacterium 
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225.  137 0 0.00056821 0.0000558 Bacteroidetes JF650583 85 uncultured bacterium 
226.  35827 0 0.00099335 0.000072 unclassified_Bacteria JF623564 84.9 uncultured bacterium 
227.  821 0 0.00017018 0.0000708 unclassified_Bacteria JF666235 84.7 uncultured bacterium 
228.  40418 0 0.00096193 0.0000286 Clostridiales HM104972 84.7 uncultured bacterium 
229.  1250 0 0.00024921 0.000072 Clostridiales JF642509 84.6 uncultured bacterium 
230.  5626 0 0.00025369 0.0000372 Clostridiales JF624628 84.6 uncultured bacterium 
231.  14272 0 0.0000511 0.000181656 Ruminococcaceae JF634059 84.5 uncultured bacterium 
232.  420 0 0.00097938 0.000181376 Ruminococcaceae EU844195 84.5 uncultured bacterium 
233.  7766 0 0.00040047 0.000167806 Bacteroidales JF615222 84.5 uncultured bacterium 
234.  36222 0 0.00032013 0.0000372 Ruminococcaceae HM104951 84.5 uncultured bacterium 
235.  31202 0 0.0000653 0.001835633 Bacteroidetes JF625514 84 uncultured bacterium 
236.  7481 0 0.0000993 0.0000287 Vampirovibrio GU955555 84 uncultured bacterium 
237.  25574 0 0.0000989 0.00020007 Bacteroidetes JF644518 83.8 uncultured bacterium 
238.  1061 0 0.00030884 0.000136479 Paraprevotella JF628063 83.7 uncultured bacterium 
239.  10270 0 0.0000653 0.0000995 Firmicutes JF631597 83.6 uncultured bacterium 
240.  12962 0 0.0000669 0.000136479 Bacteroidetes JF662228 83.5 uncultured bacterium 
241.  358 0 0.0000669 0.000368901 Alphaproteobacteria EU348121 83.4 uncultured bacterium 
242.  16923 0 0.0000993 0.0000573 Ruminococcus HM105047 83.4 uncultured bacterium 
243.  1331 0 0.0000511 0.0000658 unclassified_Bacteria GU610803 83.3 uncultured bacterium 
244.  122 0 0.0000511 0.000123187 Bacteroidetes JX272126 83 uncultured bacterium 
245.  5126 0 0.00035701 0.000132967 Clostridiales FN429850 82.8 uncultured Firmicutes bacterium 
246.  486 0 0.0000993 0.0000286 TM7_genera_incertae_sedis   JF630636 82.4 uncultured bacterium 
247.  22040 0 0.00075187 0.000298058 Ruminococcaceae JQ866897 82.3 uncultured bacterium 
248.  1352 0 0.00037684 0.000295533 Clostridiales JF549008 82.3 uncultured bacterium 
249.  3937 0 0.0000993 0.000193896 Ruminococcaceae FJ493130 82.2 uncultured bacterium 
250.  20728 0 0.00035189 0.000134206 Bacteroidetes JF666309 82.2 uncultured bacterium 
251.  9095 0 0.0006457 0.0000299 Lachnospiraceae HM104886 82.2 uncultured bacterium 
252.  19217 0 0.00017018 0.0000299 Prevotellaceae JF635419 82.2 uncultured bacterium 
253.  838 0 0.00010219 0.000180205 Deltaproteobacteria JQ379545 82.1 uncultured bacterium 
254.  1502 0 0.00034742 0.000266706 unclassified_Bacteria JF645186 82 uncultured bacterium 
255.  693 0 0.00041273 0.0000979 Bacteroidetes JF650784 82 uncultured bacterium 
256.  50 0 0.00015442 0.002051571 Lachnospiraceae JF664113 81.9 uncultured bacterium 
257.  144 0 0.0000653 0.000911608 Bacteroidetes JF625514 81.9 uncultured bacterium 
258.  30965 0 0.00010333 0.000172928 Prevotellaceae JF659401 81.9 uncultured bacterium 
259.  225 0 0.00030186 0.000131843 Clostridiales JF664161 81.7 uncultured bacterium 
260.  19018 0 0.00027351 0.000152783 unclassified_Bacteria JF614588 81.6 uncultured bacterium 
261.  9926 0 0.00022988 0.0000658 Ruminococcaceae JF648052 81.6 uncultured bacterium 
262.  276 0 0.00279741 0.0000287 Bacteroidales JF632203 81.5 uncultured bacterium 
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263.  199 0 0.00152233 0.000404755 Lachnospiraceae JF633584 81.3 uncultured bacterium 
264.  667 0 0.00108947 0.000310364 incertae_sedis AY327235 81.3 uncultured bacterium 
265.  40 0 0.00015036 0.00434093 Bacteroidetes JF656511 81.2 uncultured bacterium 
266.  1102 0 0.00020551 0.0000286 Ruminococcaceae JF632595 81.2 uncultured bacterium 
267.  694 0 0.00010333 0.000155242 Ruminococcaceae AM278544 81.1 uncultured bacterium 
268.  8279 0 0.00056659 0.0000372 Clostridiales AY578436 80.4 uncultured bacterium 
269.  30449 0 0.00013216 0.000924841 Bacteroidetes JF630538 80.3 uncultured bacterium 
270.  1007 0 0.00069827 0.000382312 Ruminococcus JF319346 80.3 uncultured rumen bacterium 
271.  13473 0 0.00032232 0.0000979 Ruminococcaceae JF591100 80 uncultured bacterium 
272.  810 0 0.0000511 0.001391645 Fibrobacter JF656038 79.8 uncultured bacterium 
273.  29745 0 0.0000993 0.000285659 Prevotella JF639937 79.8 uncultured bacterium 
274.  14508 0 0.00023297 0.0000287 unclassified_Bacteria   HM120325 79.8 uncultured bacterium 
275.  2066 0 0.0000989 0.0000287 Anaeroplasma HM104789 79.8 uncultured Tenericutes bacterium 
276.  1295 0 0.00029828 0.000117031 unclassified_Bacteria   JF664229 79.6 uncultured bacterium 
277.  1649 0 0.00054067 0.0000287 Treponema EF016591 79.5 uncultured bacterium 
278.  4272 0 0.0000511 0.000248759 unclassified_Bacteria HM105105 79.4 uncultured Firmicutes bacterium 
279.  16387 0 0.00010333 0.00011827 Ruminococcaceae JF533915 79.4 uncultured bacterium 
280.  1347 0 0.0000669 0.000126581 Prevotellaceae AY578393 79.2 uncultured bacterium 
281.  1375 0 0.00013371 0.000503275 Firmicutes JX272144 79.1 uncultured rumen bacterium 
282.  374 0 0.0002488 0.000484397 Prevotellaceae AY578643 78.9 uncultured bacterium 
283.  1155 0 0.00029738 0.000398129 Bacteroidales JF563354 78.9 uncultured bacterium 
284.  35018 0 0.0000993 0.000993946 Bacteroidetes EU290017 78.8 uncultured bacterium 
285.  415 0 0.00015036 0.000248087 Lachnospiraceae JF541856 78.6 uncultured bacterium 
286.  758 0 0.00095405 0.0000995 Proteobacteria HQ699778 78.5 uncultured rumen bacterium 
287.  248 0 0.00010333 0.002664959 Paraprevotella JF653658 78 uncultured bacterium 
288.  585 0 0.0000653 0.000122907 Clostridiales HM120501 77.1 uncultured bacterium 
289.  298 0 0.0000993 0.000840859 Ruminococcaceae AB107382 76.6 uncultured bacterium 
290.  4225 0 0.0000993 0.000214885 Bacteroidales JN803357 76.5 uncultured bacterium 
291.  781 0 0.00041427 0.000633484 unclassified_Bacteria JF570800 75.9 uncultured bacterium 
292.  366 0 0.00013371 0.000436969 Anaeroplasma JF640914 75.9 uncultured bacterium 
293.  1326 0 0.0000653 0.000365697 Bacteroidales JN803357 75.2 uncultured organism 
294.  9669 0 0.00029966 0.0000571 Firmicutes JF657771 75.2 uncultured bacterium 
295.  19329 0 0.0000511 0.000404989 Fibrobacter HM104722 74.9 uncultured Fibrobacteres bacterium 
296.  6082 0 0.0000669 0.000126422 unclassified_Bacteria GQ133765 74 uncultured bacterium 
297.  14587 0 0.0000669 0.000111557 Victivallis HM105091 74 uncultured Lentisphaerae bacterium 
298.  38 0 0.0000511 0.009450715 Prevotellaceae JF639746 73.3 uncultured bacterium 
299.  8103 0 0.0000989 0.000238422 Firmicutes JF637065 72.2 uncultured bacterium 
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301.  23755 0 0.0000653 0.000126422 Victivallis JQ423074 71.8 uncultured bacterium 
302.  1588 0 0.00014995 0.000072 Victivallis DQ507175 71.6 uncultured bacterium 
303.  6099 0 0.00029674 0.0000287 Clostridiales HM104752 71.1 uncultured Firmicutes bacterium 
304.  179 0 0.0000653 0.001667033 Porphyromonadaceae EU463512 69.8 uncultured bacterium 
305.  15681 0 0.00013371 0.000130604 unclassified_Bacteria JF652791 69.5 uncultured bacterium 
306.  2012 0 0.00045676 0.000167336 Ruminococcaceae GQ448578 69.4 uncultured bacterium 
307.  761 0 0.0000511 0.000413074 Prevotellaceae JF635777 68.7 uncultured bacterium 
308.  1083 0 0.00010219 0.000698812 Clostridium IV AM278701 68.6 uncultured bacterium 
309.  1500 0 0.00013371 0.0000871 Prevotella EU290094 67.8 uncultured bacterium 
310.  5815 0 0.00079767 0.0000572 unclassified_Bacteria   JQ912928 67.6 uncultured bacterium 
311.  1338 0 0.00019853 0.000273146 Clostridiales JF621996 67 uncultured bacterium 
312.  1889 0 0.00013371 0.0000586 unclassified_Bacteria   JF546132 66.1 uncultured bacterium 
313.  481 0 0.00066933 0.0000421 Victivallis FR828747 66 uncultured bacterium 
314.  8265 0 0.00020259 0.0000571 Clostridiales EF507953 65.6 uncultured bacterium 
315.  6826 0 0.00346918 0.001314844 Ruminococcaceae EU470000 63.8 uncultured bacterium 
316.  148 0 0.00058315 0.00025082 Ruminococcaceae GU955628 62.9 uncultured Firmicutes bacterium 
317.  19623 0 0.0001164 0.0000857 Ruminococcaceae GQ138138 62.5 uncultured bacterium 
318.  6351 0 0.00013216 0.0000299 unclassified_Bacteria   JF631145 61.7 uncultured bacterium 
319.  1784 0 0.00052978 0.000141511 Treponema JF628638 61.4 uncultured bacterium 
320.  3388 0 0.0004012 0.0000372 unclassified_Bacteria JF626695 60.9 uncultured bacterium 
321.  18011 0 0.00026384 0.0000299 Victivallis JN482471 60.7 uncultured organism 
322.  1796 0 0.0000989 0.0000897 Bacteroidetes JF666757 58.8 uncultured bacterium 
323.  13850 0 0.0003843 0.0000421 Ruminococcaceae EU470000 57.9 uncultured bacterium 
324.  14521 0 0.0000511 0.000322376 Proteobacteria EU882218 56.8 uncultured bacterium 
325.  41058 0 0.0000511 0.000264605 Bacteroidetes GQ138339 54.5 uncultured bacterium 
326.  1848 0 0.00010333 0.000288116 Anaeroplasma GU102946 53.8 uncultured bacterium 
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Appendix H. List of 326 OTUs that statistically not presence in camels grazed alone (Cam_Alone_M) but presence both in cattle co -grazed with camels 
(Cat_Co_M) and camels co-grazed with cattle (Cam_Co_M) with ANOVA analysis using false discovery rate (FDR) correction. OTUs were classified using data 
from the Greengenes and referenced data from the GenBank (BLAST) database. Closest relative and reference according to GenBan k is listed along with its 
accession number and percent identity. # Reading value of 1 represent 100% composition, meanwhile E-05 represent value divide by 100,000. 
Number OTU Cam_Alone_M Cat_Co_M Cam_Co_M Accession no. Similarity % Bacterium 
1.  10 0 0.000316066 0.014580799 EU281854.1 83.16 Eubacterium sp. 
2.  4 0 0.0000511 0.014561001 GU377103.1 78.69 Flavobacterium sp. 
3.  38 0 0.0000511 0.009450715 AB247144.1 87.73 Bacteroides uniformis 
4.  2962 0 0.0000653 0.00768093 AJ505938.1 98.5 Fibrobacter succinogenes  
5.  183 0 0.0000669 0.007342197 AB501155.1 93.7 Prevotella sp. 
6.  29899 0 0.0000669 0.00682183 FJ889677.1 78.02 Maribacter sp. 
7.  40 0 0.000150359 0.00434093 AB015525.1 80.61 deep-sea sediment clone 
8.  21387 0 0.000301858 0.003465024 AY487928.1 81.75 Acetanaerobacterium elongatum 
9.  46 0 0.000221274 0.00340729 GU811875.1 79.35 Clostridium innocuum 
10.  248 0 0.000103327 0.002664959 AF218619.1 87.5 Prevotella ruminicola 
11.  16749 0 0.0000669 0.002663599 AJ505937.1 98.05 Fibrobacter succinogenes 
12.  173 0 0.000269034 0.002402312 FJ957875.1 90.57 Clostridium saccharolyticum 
13.  41166 0 0.0000669 0.002371474 ADDV01000091.1 88.76 Prevotella oris  
14.  128 0 0.000183256 0.002262051 EU815224.1 86.25 Clostridium sp. 
15.  26334 0 0.001215922 0.002152268 AJ311394.1 80.49 Acholeplasma axanthum 
16.  50 0 0.000154421 0.002051571 AJ508452.1 91.09 Clostridium bolteae  
17.  92 0 0.001182142 0.002027343 AF167711.1 84.58 Papillibacter cinnamivorans 
18.  1542 0 0.0000511 0.001970164 AB501155.1 97.66 Prevotella sp. 
19.  153 0 0.001012865 0.001934593 EU281854.1 84.88 Eubacterium sp. 
20.  31202 0 0.0000653 0.001835633 GQ503321.1 77.8 Pontibacter korlensis 
21.  1708 0 0.0000993 0.001777115 AB501155.1 93.6 Prevotella sp. 
22.  179 0 0.0000653 0.001667033 EU728709.1 80.69 Odoribacter splanchnicus 
23.  386 0 0.0000511 0.00152124 GU566698.1 87.86 Treponema sp.  
24.  329 0 0.001199763 0.001469329 FJ196049.1 79.76 Flexibacter sp. 
25.  168 0 0.00019747 0.00143883 CP000885.1 91.02 Clostridium phytofermentans  
26.  810 0 0.0000511 0.001391645 CP002158.1 97.1 Fibrobacter subsp. 
27.  6826 0 0.003469182 0.001314844 AB537982.1 85.11 Hydrogenoanaerobacterium sp. 
28.  228 0 0.000133708 0.001254808 AB501167.1 96.2 Prevotella ruminicola  
29.  177 0 0.00101798 0.001211145 FM877978.1 82.67 Bacillus sp. 
30.  450 0 0.000103327 0.001124264 AY445592.1 89.96 Ruminococcus albus 
31.  630 0 0.000103327 0.001096895 EU281854.1 88.6 Eubacterium sp. 
32.  38972 0 0.000685668 0.001078157 AJ417075.1 79.88 Allobaculum stercoricanis 
33.  35018 0 0.0000993 0.000993946 EU281854.1 82.66 Eubacterium sp. 
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34.  30449 0 0.000132162 0.000924841 EU281854.1 81.62 Eubacterium sp.  
35.  144 0 0.0000653 0.000911608 GQ503321.1 78.5 Pontibacter korlensis 
36.  376 0 0.000433601 0.00091086 AY804149.1 94.57 Roseburia faecalis 
37.  1152 0 0.000215255 0.000890341 AB501155.1 88.96 Prevotella sp. 
38.  42365 0 0.0000669 0.000870299 AF218619.1 94.16 Prevotella ruminicola  
39.  298 0 0.0000993 0.000840859 AY949859.1 85.33 Clostridium sp. 
40.  703 0 0.000183256 0.000821196 AB501166.1 90.74 Prevotella sp.  
41.  401 0 0.000164162 0.000811322 EU281854.1 85.63 Eubacterium sp. 
42.  253 0 0.00044847 0.000781309 CP000885.1 87.7 Clostridium phytofermentans 
43.  25785 0 0.0000653 0.000755799 AY487928.1 90.32 Acetanaerobacterium elongatum 
44.  1083 0 0.000102187 0.000698812 AB491208.1 91.56 Clostridium sp.  
45.  23153 0 0.000164162 0.000667199 GU999989.1 98.94 Fibrobacter succinogenes  
46.  781 0 0.000414271 0.000633484 NR_025918.1 79.35 Bacteroides cellulosolvens 
47.  519 0 0.0000993 0.000602939 X76739.1 90.82 Clostridium xylanolyticum 
48.  17098 0 0.000198531 0.000545438 AY487928.1 81.75 Acetanaerobacterium elongatum 
49.  1079 0 0.000349375 0.000543171 AP006841.1 81.25 Bacteroides fragilis 
50.  16875 0 0.0000993 0.000542888 ADCJ01000062.1 80.25 Bacteroides sp. 
51.  990 0 0.000438487 0.000537971 ABGD02000031.1 84.6 Anaerotruncus colihominis 
52.  3497 0 0.0000653 0.000536962 CP001810.1 96.17 Butyrivibrio proteoclasticus  
53.  759 0 0.000103327 0.000535122 CP000027.1 78.92 Dehalococcoides ethenogenes 
54.  23282 0 0.0005873 0.000533855 AY049713.1 78.79 Victivallis vadensis 
55.  37624 0 0.000184801 0.000518389 AF104846.1 96.79 Ruminococcus flavefaciens 
56.  1375 0 0.000133708 0.000503275 EU057606.1 81.89 Clostridium sp. 
57.  825 0 0.00019747 0.000489494 AJ311394.1 80.12 Acholeplasma axanthum  
58.  374 0 0.0002488 0.000484397 ABIY02000114.1 85.81 Bacteroides coprocola 
59.  344 0 0.000280975 0.000480835 HM021726.1 79.68 Olivibacter sp. 
60.  22892 0 0.0000653 0.000465376 GU999989.1 97.05 Fibrobacter succinogenes 
61.  48 0 0.001508132 0.00044226 EU728700.1 88.03 Coprococcus sp.  
62.  366 0 0.000133708 0.000436969 M23934.1 92.7 Anaeroplasma varium 
63.  749 0 0.0000511 0.000434444 EU281854.1 82.79 Eubacterium sp.  
64.  465 0 0.000103327 0.000428407 EU281854.1 82.57 Eubacterium sp. 
65.  761 0 0.0000511 0.000413074 ACPT01000052.1 86.63 Bacteroides sp. 
66.  19329 0 0.0000511 0.000404989 AJ505937.1 96.47 Fibrobacter succinogenes 
67.  199 0 0.001522334 0.000404755 EU728700.1 87.37 Coprococcus sp 
68.  37910 0 0.000202593 0.000403908 EU728719.1 83.98 Alistipes sp. 
69.  1155 0 0.000297384 0.000398129 AY804150.1 94.06 Roseburia faecalis 
70.  38565 0 0.002543395 0.000393916 AB490809.1 86.63 Catabacter sp. 
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71.  1007 0 0.000698265 0.000382312 AF030448.1 96.62 Ruminococcus flavefaciens 
72.  1426 0 0.000270822 0.000373939 AB034200.1 78.06 Erysipelothrix rhusiopathiae 
73.  358 0 0.0000669 0.000368901 AB159680.1 85.91 Pleomorphomonas oryzae 
74.  1085 0 0.000253686 0.000367463 EF999972.1 85.51 Haloplasma contractile 
75.  1326 0 0.0000653 0.000365697 AB510704.1 81.54 Bacteroides nordii 
76.  24313 0 0.000733501 0.00034652 EU266552.1 87.87 Coprococcus catus 
77.  342 0 0.0000653 0.000345669 EU281854.1 84.58 Eubacterium sp.  
78.  808 0 0.000117947 0.000340289 EU281854.1 82.79 Eubacterium sp.  
79.  33092 0 0.0000653 0.000340199 AB501166.1 93.17 Prevotella sp. 
80.  439 0 0.000253686 0.000337857 U41168.1 90 Butyrivibrio fibrisolvens 
81.  14521 0 0.0000511 0.000322376 AB042539.1 81.92 Thiothrix eikelboomii 
82.  25870 0 0.000231428 0.00031324 AB547685.1 89.93 Prevotella histicola 
83.  176 0 0.000154421 0.000313172 AY949857.1 88.17 Clostridium sp. 
84.  667 0 0.00108947 0.000310364 Y18254.1 76.43 Geospirillium sp. 
85.  1097 0 0.000476101 0.000305388 AB501165.1 81.71 Prevotella sp. 
86.  22040 0 0.000751874 0.000298058 HM626173.1 87.55 Oscillibacter sp. 
87.  713 0 0.0000511 0.000297921 CP000885.1 89.48 Clostridium phytofermentans 
88.  1352 0 0.000376835 0.000295533 X77851.1 82.48 Clostridium felsineum 
89.  569 0 0.000699956 0.000294359 EU136681.1 81.8 Parabacteroides distasoni 
90.  1848 0 0.000103327 0.000288116 M25050.1 83.01 Anaeroplasma abactoclasticum 
91.  29745 0 0.0000993 0.000285659 AJ009933.1 92.34 Prevotella aff 
92.  25895 0 0.0000993 0.000282359 AB501155.1 90.47 Prevotella sp. 
93.  1211 0 0.000368057 0.000275717 AB501166.1 95.75 Prevotella sp. 
94.  1338 0 0.000198531 0.000273146 CP002028.1 82.95 Thermincola potens  
95.  14819 0 0.000216801 0.000270823 AY949857.1 89.03 Clostridium sp. 
96.  25448 0 0.0000511 0.000267335 GQ344411.1 81.85 Sporolactobacillaceae 
97.  1502 0 0.000347417 0.000266706 AY538170.1 80.71 Acholeplasma parvum 
98.  41058 0 0.0000511 0.000264605 FP929032.1 81.02 Alistipes shahii 
99.  1808 0 0.000215255 0.000264458 EU728700.1 88.47 Coprococcus sp.  
100.  4962 0 0.000301446 0.000259666 EF088329.1 79.65 Clostridium hveragerdense 
101.  13697 0 0.000231015 0.000253604 GU999991.1 96.89 Ruminococcus flavefaciens  
102.  2760 0 0.000117947 0.000252246 AB546246.1 88.41 Tindallia sp. 
103.  148 0 0.000583149 0.00025082 HM626173.1 87.31 Oscillibacter sp. 
104.  4272 0 0.0000511 0.000248759 GU566698.1 89.79 Treponema sp. 
105.  415 0 0.000150359 0.000248087 U77339.1 94.84 Butyrivibrio fibrisolvens 
106.  1418 0 0.0000511 0.00024497 EU281854.1 84.99 Eubacterium sp. 
107.  863 0 0.000746995 0.000239639 AB238598.1 90.32 Oscillibacter valericigenes 
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108.  59 0 0.000300306 0.000238515 AY178841.1 90.3 Pseudobutyrivibrio ruminis  
109.  8103 0 0.0000989 0.000238422 EF014452.1 80.33 Bacillus coahuilensis  
110.  9768 0 0.0000511 0.000231279 AB501173.1 92.76 Prevotella ruminicola  
111.  876 0 0.000270822 0.000229395 CP001055.1 86.54 Elusimicrobium minutum 
112.  909 0 0.000103327 0.00022611 AY949859.1 91.89 Clostridium sp. 
113.  720 0 0.001605603 0.000222187 EU281854.1 84.51 Eubacterium sp. 
114.  598 0 0.0000511 0.000214951 CP002109.1 90.55 Clostridium saccharolyticum 
115.  4225 0 0.0000993 0.000214885 ACPW01000017.1 83.13 Parabacteroides sp. 
116.  3745 0 0.000116402 0.00021383 AF031479.1 84.68 Acholeplasma vituli  
117.  1006 0 0.000103327 0.00021226 AF202259.1 88.58 Eubacterium oxidoreducens 
118.  35800 0 0.000202593 0.000207282 EU281854.1 83 Eubacterium sp. 
119.  8948 0 0.000263015 0.000205401 AF218619.1 91.48 Prevotella ruminicola 
120.  39974 0 0.001042834 0.000204348 EF014452.1 80.04 Bacillus coahuilensis  
121.  30126 0 0.00073969 0.000203676 AF028352.1 82.92 Clostridium aff. 
122.  25574 0 0.0000989 0.00020007 EU281854.1 86.6 Eubacterium sp. 
123.  19039 0 0.0000989 0.000199887 CP002006.1 84.1 Prevotella ruminicola  
124.  8479 0 0.000521101 0.000198806 EU281854.1 83.16 Eubacterium sp. 
125.  3937 0 0.0000993 0.000193896 AB238598.1 86.45 Oscillibacter valericigenes  
126.  2147 0 0.000220134 0.000192445 M25050.1 88.11 Anaeroplasma abactoclasticum 
127.  22070 0 0.000231428 0.000191343 CP000885.1 88.56 Clostridium phytofermentans 
128.  8092 0 0.0000511 0.000190312 AB275484.1 95.88 Fibrobacter succinogenes 
129.  8921 0 0.000445137 0.00019001 M57737.1 89.07 Treponema bryantii  
130.  2135 0 0.000220134 0.000187833 EU281854.1 83.2 Eubacterium sp. 
131.  20682 0 0.0000511 0.000183745 HM626173.1 90.95 Oscillibacter sp. 
132.  964 0 0.001014234 0.000182316 AY699288.1 80.93 Clostridium ramosum 
133.  14272 0 0.0000511 0.000181656 AB491207.1 86.65 Clostridium sp.  
134.  420 0 0.000979379 0.000181376 X73439.1 83.23 Clostridium collagenovorans  
135.  838 0 0.000102187 0.000180205 AB012607.1 78.07 Micropruina glycogenica 
136.  24166 0 0.0000989 0.000178714 X76739.1 90.53 Clostridium xylanolyticum 
137.  2260 0 0.000217213 0.000173022 M88720.1 79.17 Spirochaeta isovalerica 
138.  30965 0 0.000103327 0.000172928 AB501166.1 90.53 Prevotella sp. 
139.  11816 0 0.00020104 0.000170173 EU281854.1 84.99 Eubacterium sp.  
140.  1514 0 0.001100256 0.000170169 ACPT01000052.1 88.19 Bacteroides sp.  
141.  28 0 0.001304886 0.000170026 EU281854.1 84.48 Eubacterium sp.  
142.  28091 0 0.0000653 0.000168787 AB501155.1 91.95 Prevotella sp.  
143.  7766 0 0.000400468 0.000167806 EU281854.1 85.6 Eubacterium sp. 
144.  2012 0 0.000456764 0.000167336 AY675965.1 83.61 Ethonalogenbacterium harbin  
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145.  34660 0 0.000348065 0.000161629 M57737.1 95.37 Treponema bryantii 
146.  6250 0 0.000168635 0.000158752 FP929055.1 87.45 Ruminococcus torques  
147.  989 0 0.000150359 0.000158752 DQ448788.1 81.75 Bacillus sp. 
148.  542 0 0.00048064 0.000158026 AJ311394.1 80.24 Acholeplasma axanthum 
149.  480 0 0.000130617 0.000157839 AJ229235.1 79.83 Opitutus terrae  
150.  954 0 0.000198119 0.000156323 Z49863.1 85.5 Sporobacter termitidis 
151.  694 0 0.000103327 0.000155242 EU371591.1 87.65 Clostridium sp.  
152.  8041 0 0.0000511 0.000152901 AY538168.1 79.92 Acholeplasma morum  
153.  19018 0 0.000273508 0.000152783 DQ882649.1 82.57 Ruminococcus bromii 
154.  28402 0 0.0000669 0.000151662 HM626173.1 90.55 Oscillibacter sp. 
155.  6423 0 0.000301034 0.000151475 EU281854.1 85.6 Eubacterium sp. 
156.  21326 0 0.000116402 0.000144242 AJ431235.1 81.5 Cytophaga sp. 
157.  1238 0 0.000102187 0.000142909 EF031543.1 91.75 Coprococcus eutactus 
158.  7414 0 0.000168635 0.00014167 X76739.1 91.19 Clostridium xylanolyticum 
159.  1784 0 0.000529775 0.000141511 AF302940.1 84.52 Treponema pectinovorum  
160.  3252 0 0.002241686 0.000141508 AJ431235.1 80.17 Cytophaga sp. 
161.  2572 0 0.000352127 0.000141508 AB008552.1 91.45 Eubacterium ruminantium 
162.  19442 0 0.000629041 0.000137905 AB049195.1 77.05 Bacillus funiculus 
163.  41075 0 0.000328735 0.000137905 AY699288.1 80.08 Clostridium ramosum 
164.  27736 0 0.0000993 0.000137812 AY591911.1 79.96 Brevibacillus brevis 
165.  61 0 0.001266368 0.000136479 EU281854.1 87.06 Eubacterium sp. 
166.  1061 0 0.000308841 0.000136479 AB547651.1 89.78 Paraprevotella clara 
167.  12962 0 0.0000669 0.000136479 EU189022.1 82.56 Alistipes sp. 
168.  20728 0 0.000351891 0.000134206 DQ012297.2 82.51 Capnocytophaga sp. 
169.  5126 0 0.000357013 0.000132967 AB490809.1 82.63 Catabacter sp. 
170.  225 0 0.000301858 0.000131843 AY445592.1 82.84 Ruminococcus albus  
171.  9537 0 0.0000993 0.000131541 AY685144.1 96.14 Selenomonas ruminantium 
172.  15681 0 0.000133708 0.000130604 AJ229250.1 82.28 Clostridium sp.  
173.  13861 0 0.000197707 0.000126905 HM626173.1 89.34 Oscillibacter sp. 
174.  12994 0 0.0000993 0.000126905 AY960572.1 89.59 Clostridium sp. 
175.  3316 0 0.0000511 0.000126581 EU815224.1 87.63 Clostridium sp.  
176.  1347 0 0.0000669 0.000126581 AJ006457.1 88.02 Prevotella bryantii 
177.  19115 0 0.0000653 0.000126422 CP001055.1 86.29 Elusimicrobium minutum 
178.  6082 0 0.0000669 0.000126422 X81940.1 79.19 Pirellula sp. 
179.  23755 0 0.0000653 0.000126422 AJ431234.1 80.49 Cytophaga sp. 
180.  19353 0 0.000117947 0.000125572 CP001055.1 87.73 Elusimicrobium minutum  
181.  5376 0 0.0000511 0.000124333 L76600.1 84.84 Ruminococcus bromii 
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182.  28524 0 0.000103327 0.000124333 M57737.1 95.78 Treponema bryantii 
183.  122 0 0.0000511 0.000123187 EU281854.1 84.38 Eubacterium sp. 
184.  585 0 0.0000653 0.000122907 U41167.1 91.28 Butyrivibrio fibrisolvens 
185.  7314 0 0.0000993 0.000121643 AY918928.1 79.96 Prolixibacter bellariavorans 
186.  16387 0 0.000103327 0.00011827 ABCA03000054.1 83.3 Eubacterium siraeum 
187.  15320 0 0.0000511 0.000117031 AJ251324.3 93.86 Olsenella sp.  
188.  1295 0 0.000298281 0.000117031 AJ011522.1 79.9 Eubacterium ramulus  
189.  14263 0 0.0000669 0.000117031 AM920691.1 96.84 Ruminococcus flavefaciens  
190.  23586 0 0.000481125 0.000114341 AB501155.1 89.84 Prevotella sp. 
191.  407 0 0.000333202 0.000113008 EU281854.1 86.65 Eubacterium sp. 
192.  1454 0 0.000436941 0.000111557 EU281854.1 85.6 Eubacterium sp.  
193.  14587 0 0.0000669 0.000111557 AY949857.1 84.08 Clostridium sp. 
194.  13690 0 0.000215667 0.000104305 HM626173.1 90.05 Oscillibacter sp.  
195.  20824 0 0.000531321 0.000102973 AB215084.1 79.64 Bacteroides uniformis  
196.  156 0 0.000303889 0.000102973 CP002084.1 83.55 Dehalogenimonas lykanthroporepellens  
197.  758 0 0.000954054 0.0000995 EU440998.1 81.42 Tistrella mobilis 
198.  7635 0 0.000116402 0.0000995 HM626173.1 86.53 Oscillibacter sp. 
199.  10270 0 0.0000653 0.0000995 AJ311394.1 81.6 Acholeplasma axanthum  
200.  25441 0 0.000465371 0.0000994 AB547643.1 86.45 Bacteroides graminisolvens  
201.  693 0 0.000412725 0.0000979 EU281854.1 81.72 Eubacterium sp. 
202.  13473 0 0.000322321 0.0000979 HM626173.1 86.28 Oscillibacter sp.  
203.  7871 0 0.000366754 0.0000958 Z49863.1 87.74 Sporobacter termitidis 
204.  345 0 0.003003667 0.0000944 FM877978.1 81.26 Bacillus sp.  
205.  8833 0 0.0000653 0.0000944 EF999972.1 85.06 Haloplasma contractile 
206.  23030 0 0.000665854 0.000093 AB547670.1 80 Prevotella amnii 
207.  7919 0 0.000117947 0.0000897 EF491666.1 80.28 Spiroplasma sp.  
208.  1796 0 0.0000989 0.0000897 GQ461729.1 87.8 Eubacterium sp.  
209.  6057 0 0.0000511 0.0000885 FJ808602.1 80.94 Clostridium sp. 
210.  14669 0 0.000102187 0.0000872 GU811875.1 79.22 Clostridium innocuum 
211.  1500 0 0.000133708 0.0000871 AB501155.1 85.91 Prevotella sp. 
212.  18149 0 0.000301034 0.000087 AY487928.1 80.45 Acetanaerobacterium elongatum 
213.  19623 0 0.000116402 0.0000857 AY949857.1 86.13 Clostridium sp.  
214.  221 0 0.000164162 0.0000844 AJ009933.1 93.5 Prevotella aff. 
215.  10990 0 0.000402984 0.0000843 AB093546.1 85.96 Clostridium sp. 
216.  8031 0 0.000484701 0.0000793 EU136680.1 88.69 Bacteroides uniformis  
217.  24477 0 0.000206654 0.0000793 HM756303.1 82.05 Clostridium thermopalmarium 
218.  1250 0 0.000249212 0.000072 AF357573.1 86.14 mpn-isolate group 
278 
 
Appendix H continued 
219.  35827 0 0.000993352 0.000072 AB490809.1 88.56 Catabacter sp.  
220.  1588 0 0.000149947 0.000072 AY049713.1 91.33 Victivallis vadensis 
221.  1223 0 0.001543059 0.0000708 AJ308104.1 87.78 Ruminococcus sp. 
222.  821 0 0.000170181 0.0000708 EF031543.1 79.41 Coprococcus eutactus 
223.  35759 0 0.00029656 0.0000708 AJ010959.1 98.14 Anaerovibrio lipolyticus  
224.  12755 0 0.0000989 0.0000708 EU281854.1 84.58 Eubacterium sp.  
225.  33529 0 0.000168635 0.0000707 AF349724.1 80.82 Turicibacter sanguinis 
226.  26061 0 0.000639527 0.0000671 M57737.1 94.7 Treponema bryantii  
227.  25208 0 0.000269446 0.0000671 M57737.1 94.06 Treponema bryantii  
228.  1565 0 0.000684129 0.0000671 M57737.1 95.45 Treponema bryantii  
229.  11467 0 0.000198119 0.0000671 AB491208.1 87.3 Clostridium sp. 
230.  39688 0 0.000417435 0.0000658 EU281854.1 85.63 Eubacterium sp.  
231.  1331 0 0.0000511 0.0000658 AF349724.1 80.52 Turicibacter sanguinis 
232.  12795 0 0.000305508 0.0000658 EU281854.1 84.38 Eubacterium sp.  
233.  27891 0 0.000164162 0.0000658 AB362822.1 81.01 Paenibacillus sp.  
234.  9926 0 0.000229882 0.0000658 X81125.1 86.75 Clostridium viride 
235.  12308 0 0.0000989 0.0000658 EU158190.1 87.14 Clostridium sp. 
236.  2979 0 0.000149947 0.0000586 EU158190.1 85.66 Clostridium sp.  
237.  2152 0 0.0000993 0.0000586 EU815224.1 85.39 Clostridium sp. 
238.  1889 0 0.000133708 0.0000586 AY949859.1 82.78 Clostridium sp. 
239.  7796 0 0.0000993 0.0000573 EU281854.1 86.23 Eubacterium sp 
240.  27746 0 0.0000669 0.0000573 AF030447.1 96.34 Ruminococcus flavefaciens 
241.  16923 0 0.0000993 0.0000573 GU999991.1 96.38 Ruminococcus flavefaciens 
242.  3029 0 0.000332239 0.0000573 Z49863.1 88.16 Sporobacter termitidis 
243.  402 0 0.001187586 0.0000572 EU281854.1 87 Eubacterium sp. 
244.  5815 0 0.000797669 0.0000572 AJ431235.1 84.5 Cytophaga sp. 
245.  15111 0 0.000299415 0.0000572 Z49863.1 88.16 Sporobacter termitidis 
246.  8265 0 0.000202593 0.0000571 AB490809.1 87.81 Catabacter sp. 
247.  9669 0 0.000299657 0.0000571 FJ483934.1 79.41 Bacillus tianmuensis 
248.  491 0 0.000856092 0.0000558 AB260026.1 84.96 Bacteroides coprophilus 
249.  137 0 0.000568213 0.0000558 EU281854.1 84.89 Eubacterium sp. 
250.  596 0 0.000154421 0.0000558 AY804150.1 94.81 Roseburia faecalis 
251.  22198 0 0.00015328 0.0000558 EU728700.1 89.48 Coprococcus sp. 
252.  3193 0 0.000217213 0.0000558 AY949859.1 80.54 Clostridium sp. 
253.  4278 0 0.000164574 0.0000558 HM626173.1 86.91 Oscillibacter sp. 
254.  17161 0 0.000512227 0.0000558 EF088329.1 79.91 Clostridium hveragerdense 
255.  22440 0 0.00034889 0.0000558 AB274040.1 84.77 Syntrophomonas palmiticicum  
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256.  27795 0 0.000818316 0.0000421 M57737.1 96.98 Treponema bryantii 
257.  159 0 0.0000653 0.0000421 AY699284.1 88.98 Pseudobutyrivibrio ruminis  
258.  13850 0 0.000384302 0.0000421 AY949857.1 82.15 Clostridium sp. 
259.  481 0 0.000669333 0.0000421 AY049713.1 88.5 Victivallis vadensis  
260.  19946 0 0.000400063 0.0000421 AF286862.1 81.64 Clostridium thermopalmarium  
261.  25883 0 0.000299415 0.0000421 AB260026.1 81.96 Bacteroides coprophilus  
262.  16799 0 0.000154421 0.0000421 HM573382.1 78.95 Citromicrobium sp. 
263.  18618 0 0.000324602 0.0000421 Z49863.1 87.55 Sporobacter termitidis  
264.  5670 0 0.0000669 0.0000421 AB093546.1 87.06 Clostridium sp. 
265.  1910 0 0.00026456 0.0000421 AY949859.1 87.45 Clostridium sp. 
266.  6043 0 0.000102187 0.0000421 EF999972.1 85.71 Haloplasma contractile  
267.  29 0 0.000886781 0.0000372 ABWN01000012.1 89.6 Butyrivibrio crossotus  
268.  170 0 0.00409548 0.0000372 CP000885.1 87.14 Clostridium phytofermentans  
269.  36222 0 0.000320128 0.0000372 ABCA03000054.1 88.84 Eubacterium siraeum 
270.  3388 0 0.000401196 0.0000372 AJ431235.1 82.84 Cytophaga sp. 
271.  38716 0 0.001244294 0.0000372 AB490809.1 87.96 Catabacter sp. 
272.  650 0 0.00066795 0.0000372 EU281854.1 87.63 Eubacterium sp. 
273.  2329 0 0.000620021 0.0000372 EU815223.1 84.02 Ruminococcus sp. 
274.  19567 0 0.000366342 0.0000372 X81125.1 82.23 Clostridium viride  
275.  22191 0 0.0000653 0.0000372 AJ251324.3 96.39 Olsenella sp.  
276.  2446 0 0.000280975 0.0000372 L16482.1 81.96 Prevotella ruminicola 
277.  2235 0 0.000250109 0.0000372 Y08541.1 80.17 Nakamurella multipartita 
278.  28307 0 0.000314933 0.0000372 M57737.1 94.16 Treponema bryantii 
279.  512 0 0.000165707 0.0000372 AY699282.1 89.38 Lachnospira pectinoschiza 
280.  40807 0 0.000168635 0.0000372 EU281854.1 85.31 Eubacterium sp. 
281.  26291 0 0.000515009 0.0000372 AB443948.1 80.57 Butyricimonas synergistica  
282.  8279 0 0.000566589 0.0000372 HM626173.1 84.5 Oscillibacter sp. 
283.  5626 0 0.000253686 0.0000372 AF357573.1 85.4 mpn-isolate group 
284.  670 0 0.001295712 0.0000299 AB260026.1 81.76 Bacteroides coprophilus 
285.  4806 0 0.000613935 0.0000299 EU728713.1 80.98 Prevotella sp. 
286.  2463 0 0.000250109 0.0000299 AF357573.1 86.88 mpn-isolate group  
287.  9095 0 0.000645698 0.0000299 AJ508452.1 87.45 Clostridium bolteae 
288.  8993 0 0.0005284 0.0000299 M57737.1 88.84 Treponema bryantii  
289.  2114 0 0.000339222 0.0000299 AB260026.1 86.56 Bacteroides coprophilus 
290.  10194 0 0.000371633 0.0000299 AY699276.1 89.64 Butyrivibrio fibrisolvens 
291.  19217 0 0.000170181 0.0000299 AB547643.1 83.64 Bacteroides graminisolvens  














Appendix H continued 
293.  1634 0 0.000130617 0.0000299 EU815224.1 82.95 Clostridium sp. 
294.  18011 0 0.000263839 0.0000299 AJ431235.1 84.04 Cytophaga sp. 
295.  3142 0 0.0000653 0.0000299 AJ496186.1 97.6 Fibrobacter succinogenes 
296.  6351 0 0.000132162 0.0000299 EU815224.1 86.53 Clostridium sp. 
297.  4082 0 0.0000511 0.0000299 HM626173.1 87.37 Oscillibacter sp. 
298.  276 0 0.002797407 0.0000287 AB260026.1 82.75 Bacteroides coprophilus 
299.  796 0 0.000745783 0.0000287 AB554230.1 82.96 Alistipes finegoldii  
300.  1649 0 0.000540674 0.0000287 M57737.1 86.1 Treponema bryantii 
301.  2156 0 0.000396723 0.0000287 AJ251215.1 87.32 Anaerovorax odorimutans  
302.  11165 0 0.00036359 0.0000287 AY591911.1 80.77 Brevibacillus brevis 
303.  14609 0 0.0000669 0.0000287 AF030447.1 99.38 Ruminococcus flavefaciens  
304.  1629 0 0.000368712 0.0000287 AB548676.1 83.83 Dysgonomonas mossii 
305.  6604 0 0.000231015 0.0000287 FM877978.1 79.54 Bacillus sp. 
306.  14616 0 0.00032054 0.0000287 AB491208.1 86.48 Clostridium sp.  
307.  11323 0 0.000380241 0.0000287 EU281854.1 83.98 Eubacterium sp. 
308.  1512 0 0.00061387 0.0000287 EU281854.1 86.84 Eubacterium sp. 
309.  7481 0 0.0000993 0.0000287 HM038000.1 79.22 Vampirovibrio chlorellavorus 
310.  19069 0 0.000221274 0.0000287 AY699274.1 97.98 Butyrivibrio fibrisolvens 
311.  14508 0 0.000232973 0.0000287 AJ431235.1 79.32 Cytophaga sp. 
312.  13886 0 0.000271963 0.0000287 AF286862.1 81.39 Clostridium thermopalmarium 
313.  42065 0 0.000247018 0.0000287 AB215084.1 80.04 Bacteroides uniformis  
314.  6099 0 0.000296736 0.0000287 AB490809.1 86.73 Catabacter sp. 
315.  2066 0 0.0000989 0.0000287 M25050.1 96.71 Anaeroplasma abactoclasticum 
316.  234 0 0.000667884 0.0000286 AF218619.1 91.13 Prevotella ruminicola  
317.  350 0 0.001803819 0.0000286 DQ002932.1 86.86 Anaerotruncus colihominis 
318.  712 0 0.000811084 0.0000286 AJ007290.1 76.22 Acidothermus cellulolyticus 
319.  537 0 0.000905889 0.0000286 AB554230.1 82.19 Alistipes finegoldii  
320.  19160 0 0.000431092 0.0000286 AF396925.1 84.34 Prevotella bryantii  
321.  486 0 0.0000993 0.0000286 DQ285071.1 79.63 Erythrobacter sp.  
322.  40418 0 0.000961928 0.0000286 AB490809.1 88.21 Catabacter sp. 
323.  1551 0 0.000719706 0.0000286 DQ448797.1 82.56 Bacillus sp.  
324.  27983 0 0.000316963 0.0000286 M57737.1 97.54 Treponema bryantii 
325.  32029 0 0.000282521 0.0000286 AJ311394.1 80.77 Acholeplasma axanthum 
326.  1102 0 0.000205514 0.0000286 AF030447.1 92.18 Ruminococcus flavefaciens  
